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the Landscape Ontario Horticultural Trades Associatib®@3dand revised in 2005. It is intended for

landscape architects, landscape designersisieape contractors, urbanriest managers, horticulturists,
arboristsand otherprofessionalsvho understandree attributes andree requirementsand who have

working knowledge of terms commonly used in the horticultural trafléandscape trees shioube
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Overview

Research on improving tree planting and egsabhent continues to grow in interestiongside the
increasingralue placed on tree canopy cover by society. In order to capture the wealth of evideece
information available and ensure that this guide is informed by this growing body of regtéaxetitten
to provide readersvith a summary of relevant content and-tgedate research findings. Corresponding
field sheets dislipertinent inbrmation from thechaptesinto acionable items. Rnting details are
included in Appendix B to illustratee best practices discussed in the chapters and field shé#ten
additional information isequired to describe protocols or techniques, hypé&sdito resources are
provided.Words within the text ifold are linked to theglossary

The information in this guide does not extend to gaanting and establishment carndowever,
aftercare is often integral to tender language associated with planting contraotsler to plan for care
after planting, an overview of tastedthe potentialtenderlanguageare providedin Appendix & Post
Panting and Establishment Care

Nol:e on Key References

The guide was broadly informed by several key resources listed below:

Hirons, A.and P.AThomas2018. Applied Tree Biologlohn Wiley and Sons Ltd. 411 pp.

Hirons, A.and H.Sjdman2019.Tree Species Selection for Green Infrastructure: A Guide for Specifiers.
Tree Design and Action Growgip://www.tdag.org.uk/specieselectionfor-greeninfrastructure.html

[AffeY {d® WP Hamnd® ! ND2NRAGAQ /SNIAFAOLFIGA2Y { (dzRe
352 pp.

Urban, J. 2008. Up by Roots. International Society of ArtioreeuChampaigrL. 479 pp.

Urban Tree Foundation. 2014. Planting Details and Specifications.
http://www.urbantree.org/details specs.shtml

Watson, Gand E.Blimelick 2013. The Practic8lcience of Planting Trees. International Society of
Arboriculture. Champaigii. 250 pp.


https://landscapeontario.com/
http://www.tdag.org.uk/species-selection-for-green-infrastructure.html
http://www.urbantree.org/details_specs.shtml

Chapter 1- Environmental Site Assessment

All tree planting projects should start with a comprehensive site assessment. This section deals with
environmentakonditions¢ aside from soifjuality, which iscovered in Chapter @that need to be
investigated orsite to develop a planting strategy, including tree selection.

Hardiness

Action Item

1 Identifythe hardiness zone where the planting site is located.

Cdd hardiness is the first factor to consider when selecting trees for a planting project. Two commonly
used systems for determining and mapping hardiness zones in Canadthar@€dnadian plant

hardiness indeand 2)the USDA method, based extreme milmum temperaturesThe Canadian plant
hardiness index has been developed to incorporate a wider variety of climatic variables, including
minimum mean temperatures, frost free periods, rainfall, maximum mean temperatures, snow depth and
wind gusts. Both dhese systems have updated maps based on data from 1981 to 2010 and are available
here

Light Levels

Action Item

9 Observe the amount of sunlight new plantings will receive throughowgrtwing season

¢NBSaQ LKeaAz2t23A0Ff NBalLkRyasSa (2 adzytAakid t SOSt a
tolerances of tree species correspomdth three categories of sunlight levels: full sunlight, partial shade

and full shade (Table 1).yAstructure orsite can contribute to shading, including buildings and existing

trees. Sunlight levels are influenced by planting location, height and number of buildings and/or trees,

street width and building setbacks. Although shady conditions canmftetude optimal growth of

planted trees, if shadmleran species are selected, succesplanting pojects can still be achieved.

Tablel Categorie®f sunlight levelduring the growing season

Light level Description

Fullsunlight  Greater than six hours of direct sunlight per day

Partial shade Less than six hours of direct sunlight or filtered light throughout the majority of
day

Full shade Less than gihours of filtered sunlightzery little to no direct sunlight per day



http://www.planthardiness.gc.ca/?m=1&lang=en

Reflected Heat

Action Item

1 Determine the distance between the planting site and hard surfaces like roads, congr
structures, buildings, et€onsider appropriate interventions listed in Table 2.

Temperatures can differ in cities due to reflected heat and a lack of surrounding vegetation. Maximum
GSYLISNI dzNBa Ay bSg 2N] /AdeQa /SydiNrf tIFN] 6SNB
Columbus Avenue (Whitlow and Bassuk 1987). In generagnojpgratures are 1°C to 6°C warmer than

their surrounding suburbs, with most of that difference attributed to the high density of buildings, asphalt
and concrete. These materials absorb, store, and releaseTiegt.can represent up to @@r centof

the space surrounding a tree in a downtown location (Watson and Himelick 2013). The released heat
directly influences trees in these locations and the phenomenon contributes to the urbaslaedt

effect. Trees experiencing high temperatures can dissipateldeds throughranspiration When

transpiration is limited by a lack of available soil water, legbéeatures can continue to rise. If these
conditions are ongangand exacerbated by increased ambient temperatures fieftacted heatpranch
dieback and tree mortality can eventually occur.

Taking a 360° view of the planting location helps understand the potential hethdbaaday affecthe
planting site (Coder 2014)rees that are less th&m from hardscapes in uftiple directions are more
likely to be strongly &dcted by reflected heat. Thigfect will diminish when hardscape is present in only
one direction or is farther awayo determine the influence of reflected heat on the proposed planting
location, estinate how close the newly planted tree will be to impermeable surfaces. If the tree will be
planted closer than 5 m to impermeable surfaces in multiple dire¢onse interventions and extra

care should be considered (Table 2).

Table2 The influencef reflected heat loads on trees plantechor less from impermeabgeirfaces in
multiple directions

Concerns Interventiors

1 Dehydration 1 Frequent irrigation is necessary in

1 Decrease in photosynthesis anc prolonged periods of heat and drough
increase in respiration Applymulch

 Tissue death Limit fertilizer use

Incorporate shading into design

Heat/droughttolerant species must be

selected
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Crown Space Requirements

Actionltems

1 Determine the distance to buildings, existing trees and any other potential conflicts a:
trees grow.

1 Refer to setbacks from utility providers to determine final planting distance from utilify
lines.

1 Choose species whose mature height and cafibffye location size constraints. Click
here (for a North American guide) or clickre (for a European guide containing many
relevant selections for Ontario).

When planting near abowground infastructure, it is essential to envision the mature size of aitree

relation to buildings, power linemd othertrees. Using mature tree height anddth size estimates will

help to reduce=xpensive pruning work ¢ree removal in the futureContactocal utility providesto

obtainrec YSYRSR (GNBS LI I yiArAy3ad a&ddheddedplagtiNg zoiBees NJ | 2
form (or habit) should be considered largely for aesthetic reasoneughhwidebranching species can

conflict with infrastructure or result itighter spacing between trees than desired.

De-icing Salt

Action Item

1 Detemine the distance between the planting site and areas wheiieats will be
applied. Consider appropriate interventions listed in Table 3.

In Ontario, décing salts are used on roadways and sidewalks, in both granular form and as a spray
solution. Thealistance between the planting site and areas of salt application during the winter is a critical
factor when choosing species, since salt can affect trees as a soil contaminant and as an airborne
pollutant On highwaysje-icingsaltcansprayonto treesand thoselocatedon the downwind side of the

road show the greast injury. In southern Ontariblofstra et al. (1979) found higher concentrations of
sodium chloride (NaCl) and injury levelsTbnja occidentali@astern white cedatrees growing on the
downwindside of Highway 401. Salt spray is not likely to cause outright tree failure, but recurring damage
tends to aféctcrownand branch growtliLumis et al. 1973}-or treegshat areplanted less thad mfrom
roadways, cubuts orsidewalks, tree mortalitiends toincreaseas soil contamination is more likely

(Dobson 1991). Tree spesigelections that are toleratu these conditions are very limited.


https://mono.civicweb.net/document/20053
http://www.mortonarb.org/trees-plants/tree-and-plant-selection
http://www.tdag.org.uk/species-selection-for-green-infrastructure.html

Table3 Damage leveland possible interventioassociated with idtances between the planting site and
areas of decingsaltapplications

Distance Damage level Salt type Interventiors
<5m Severe damage Damage from 9 Use ofraisedcurbs tolimit salt
spray and soil contaminantanovinginto tree pits

contamination 1 Shelter trees (fences, burlap)

1 Select specithat are known to be
tolerant to soikaltcontamination and
saltspray

1 In extreme cases, it mée
recommended not to plant a tree

5t030m Moderatedamage  Salt spray and 1 Shelter trees during the winter (fences,

potential soil burlap)
contamination if  { If possible, slect species with at least
barriers are not moderate tolerance to salt spray
used
30mor Minimal damage Salt spray 9 If possible, slectspecies with at least
more moderate tolerance to salt spray.

Sensitive species may be considered if
salt drift is limited.

Airborne deposits and runoff from melting snow on
pavement can accumulate in the soil and negatively
affectsail structure Aggregatesan be broken apart
and clay particles can plugilspores, resulting in
reduced soil permeability and aeration (Watson and
Himelick 2013)Salt that remains in the soil past the
{ winter will influencahe osmotic potential of the soil
{ moisture, making it more difficult for tree roots to
absorb adequatevater during the growing season
(Hirons and Sjoman 2091 Due to the central
importance of water in thphysiological processes
damage on evergreens. Source: Glemis. of all plantstree species that cannot toleratsoil

saltwill decline through disrupted photosynthesis,
stunted growth and copromised cellular functiomdigh levels of soil salts can dehydrate and damage
roots and cause desiccation of the entire pigénslin 2011} eaf necrosiandchlorosiscan be signs of
elevated sdisalt levels, especially on older leaves where sodium and chlorine ions have built up to toxic
levels over a longer period of time (Hirons and Sjomaf)20ie evidencef the translocation of soil
salts to shoots during the growing seaswriudestwig diebackg A G O K Q dndléafsBochsccurring
on leaf margins (similar to aerially deposited salt), as well as trunk lesions (Watson and Himelick 2013).




Qonifers experiencingalt spray wilkkxhbit needle browningtarting at the tips and become more

extensive with increased salt expos(Fegure 1)C2 NJ RSOA Rdz2dza alLlSOASaz (s6A3 R
result from injury to vegetative budsjury becomes more extensive with increased salt exposure and is

greater on the side of trees facing the roadwayhough salt injury diminishes with distarftemis et al.

1973),tree species particularthosesensitive to salt spray have been founaxperience salt damage

over 300metresfrom a major highwa(Watson and Himelick 2013).

There are ways to avoid and mitigate the effects of salt exposure. These can include: raised curbs;
irrigating/improving drainage of soils to leach salt out bespring tree growth; rinsing tree buds and/or
foliage in the springefore budbreak wrapping conifers; constructing fences; applying-@esiccant
sprays and lastly; watering, pruning, and mulching trees.

Quantitative measures of satilerance do noturrently existjnstead, patterns of performance and
morphological features are used to produce relative salt tolerearddngs (Hirons and Sjoman 2019).
Where salt tolerance rankings do exist, there are sometimes contradictions between sources. Therefore
mostevidencebased resources only provide known tolerance rankings for a limited number of species
where there is consensus and data are more reliable.

Root System Space Requirements

Action Items

1 Determine the proposed planting distance to infrastiwetwith which roots may come
into conflict.

1 Refer to any setbacks identified by service providers for infrastructure and utilities.

1 Use identified distances to make appropriate interventions (Table 4).

Impermeable surfaces surrounding trees have been shown to limit tree growth and life expectancy
(Smiley et al. 2006), typically due to soil compaction and a lack of water and air infiltration. Landscape
trees, especially in streetscapes, commonly outgf®ir planned planting area, and their growth
eventually becomes limited by a lack of available root space. When the root system cannot increase in
size because the rooting space is filled to capacity, crown growth will slow (Watson and Himelick 2013).

Tabe4 Distances at which tree roots are likely to conflict with infrastructure

Distance Infrastructure Interventions

<3m Sidewalks and roads § Root barriers

1 Sidewalk cubuts
Installroot pathwayso direct roots
Modular suspended pavement systems
Usestructural soll
Avoid aggressive rooting species
Choose deep rooting species

= =4 -4 4 A




<6m Building foundations  Avoid aggressive rooting species
1 Installroot pathwaydo direct roots
1 Select species armliltivarswith small mature
crowns
<6m Pipes and sewers 1 Avoid aggressive rooting species
1 Select speies and cultivars with narrosrhall
mature crowns

Manting trees too close to pavemt can result in damage. The space between pavement and a
compacted soil base often provides space for roots to grow. The moisture in these areas is often high
because the pavement prevents evaporation and condensation can form on the underside of pavemen
as it cools. Importantly, aeration is also better in these spaces than in the compacted soil below.

However, when planning does not account for root extensio
into these areas, roots can eventually lift and crack the
pavement(as illustrated in Figur®. There are a variety of
engineering solutions designed to help mitigate the conflic
between tree root growth and infrastructure. These include :
root barriers, sidewalk ctduts, root pathwaysuse of modular ';
suspended pavement systems (e.g. plasticaires) and
structural soil (Table 4). Many of these options have been
successful in improving tree growth and reducing conflict wi -
pavement in research tilmand in practice (Smiley 2008, ‘
Grabosky and Bassuk 19@8iman 2006). Their relative
effectiveness is influenced by the conditions presensita
andthe characteristics ahe tree species planted.

The following factors increase the potentialditurbance of  Figure2 Example o& tree rootiifting and
pavement or curbs by trees (Randrup et al. 2001): cracking a sidewalk.

1 Large trees 1 Lack of baseaterial beneath the

1 Fastgrowing species sidewalk

Shallow rooting species T Inadequate irrigation

1 Short distances<(2 - 3 m) between

1

9 Restricted soil volumes i
sidewalls and trees

1

Shallow topsoil with compacted soil

below 9 Trees older than 15 to 20 years

Resarch has shown that tree roots likely do imotiate damage to pipeand foundations but areapable

of exploiting cracks or voids in belground infrastructureln acomprehensivd 981 study undertaken

by the Rgal Botanical Garderikew), Englandver 11,000 treeand surrounding buildings were

assessed. Thaverage distance between damaged fdations anctontact with tree roots ranged from

2.5t0 11 m. Tree genera selected for tight urban spaces in and around buildings should be given careful



consideration as root systems extend roughly 2 to 2.5 times the width of their crowns (Hirons and
Thoma 2018) Therefore, inere possible & to 7 msetback is recommended from building foundations
for species and cultivars with medium to large crowns at mat{Hitpns and Thomas 2018).

It is possible for trees to intrude into belgnound infrastructurdike sewer systems, particularly when
pipes are old and cracked, or if pipes are joined together with a collar. Most species of trees and some
shrubs are capable of root intruseimto damaged pipes or through pipe collatthough more research

is neecekd to determine which gTies are of greatest concern. Rootstead take advantage of areas

where holes or cracks exist to access resources (moisture, air, nutrientsytatth)can resuiin

increased damage. Therefore, planning adequate distances away from infrastructure is important to
minimize conflicts. In situations where trees will be planted in trenches in and around infrastructure,
providing good soil conditions so roots have astesir and water will reduce the likelihood of trees
exploiting the spaces in and around pipes. Where possible)setback from existing pipéss been
recommended (Watson and Himelick 2013).

Wind

Action Item

=

1 Identify the wind direction and potentiaind effects on trees at the planting site; use tf
information to aid in species selectigfiable 5)

Tables Considerations for choosingesjes based on wind effects at fhlanting site

Trees are often planted to help

reduce wind speeds. Knowing the
Protected Weaker wood and branch attachmis may be predominant wind direction

acceptable; larger crowrf# the space permits)  throughout the year, as well as
wind speeds, will helip select

wind effect Secies characteristics

Not Multi-stem and clumping forms, m&ized

protected crownswith strong branches appropriate species. Buildingan
sometimes protect trees from

strong winds, but can also create a
wind tunneleffect, especially in

city centres where there are many
large and tall buildings (Pandya
and Brotas 2014)t is important to observe the situatiaheach planting sit€Table 5)

Wind tunnel  Multi-stem ard clumping forms, smaller crown
strong lranch unionsyellanchored root
systems (wide and/or deeply rooted)

There are both mechanical and thermal impacts of wind on trees. Mechanical effects include leaf loss and
tatter, tree shape deformation, branch breakage and abrasion from soil and/or ice particles driven by
wind. Thermal effects include incredsaoisture loss from soil and leaves (Trowbridge and Bassuk 2004).

A significant amount of research has been done on the effects of wind on treesdiynBn. at the

University of Florida. For more informatidickhere.


https://hort.ifas.ufl.edu/woody/wind-research.shtml
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Chapter 2 - Soil Assessment

The soil quality and quantigwailable to dree at aplanting &e should form the basis for decision

making on species selection, site preparation and tree installdtrer rootsequire soil that provides
adequate access to air, water and nutrients. Some tree species can withstand periods of flooding or
drought, grow in low nutrient soils or tolerate compactibbwever, only selectingeeswith these
characteristics severely litsthe choices of species that can be planted. Before tree selection begins, the
basic features of the planting soil should be understood, especially for disturbed soils in urban centres,
recent suburban developments or anywhere where soil removal andfopaction has occurred. These
modifications often include the complete removal of quality topsoil, severe compaction and addition of
subsoil fill ormanufacturedopsoil. In contrast, planting tes into healthy andvell-structured (crumbly)

soils, such as those found in undeveloped areas and older neighbourhoods, reqaiterease during
establisiment. How soil quality can affect trestablishmentind growth can be understood by assessing
key soil properties includintgxture, drainage, compactiospil organic matteand pH.

Texture and Drainage

Action Items

1 Determine soil texture based on tahtoryanalysis or the hand texturing method.
Interpret the results based on Figure 3.

1 Identify drainage characteristics of the site (poor, moderate or excessive) from drain
test in Field Sheel

™

1 Using Tabl&, considelpossiblenterventions.

Soil texturds a property influencing many other chemical, biological and physical soil properties. A
primary concern when planting trees, particularly in urban settings, is how texture influences drainage
andavailable wateholding capacityTable 6)

For example, coarse soils (e.g. sand and loamy sand) tend to have good drainage, but pbotdirzger
and nutrient retention capacitiesine soils (clay, silty clay), do not drain as Wwatltheycan hold
nutrients and moisture more readilgoil texture classes are illustrated in Figure
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percent sand
—

Figure3 Soil textural triangland texture groupings. Source: Cornell Soil Health Program

Table6 Texture groupings from textural triangle (Figure 3) and associated key properties

Texture grouping Key properties
Fine 1 Slow draining

1 Seasonal flooding

1 Easily compacted
Medium(which includes  Moderate drainage
loam andsilt loam) 1 Higher available water
Coarse 1 Fast draining

1 Low available water

1 Low nutrient holding

capacity

Texture cannot be easily modified
without largescale removal and
replacement of soil. Therefare
understanding soil texture will help
identify strategies and interventions
appropriak to manage water to better
support tree establishment. Tree species
that require weHldrained soils will
typically perform better in soils with
higher proportions of sand.

Drainage is affected by soil textuseil
structure infiltration and topography.
Species that can tolerate periodic
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flooding are more appropriate for finer textured saifgl/or where drainage is slower, swales for
example Soil aeratioris also very important for tree root8lant roots require both water and oxygen,
and overly saturated soils can significantly reduce oxygen levels. It is common for urban sites to be
vulnerable to waterlogged conditions and poor aeratlor to compactionWaterlogged conditions can
be as detimental as drought conditions.

Table7 Interpretation of drainage test (as described in Field Sheefpted from Trowbridge and
Bassuk 2004)

Rate of water

Drainage class , . . .. Suggestediterventions
infiltration
Poor <10 cm/hour 1 Grade the site if poor drainaggapparenin
depressions
1 Breakup the compacted soil
1 Followplanting instructions for poorgrained
soils(Field Sheeb)
1 Regulate irrigation to avoid overwatering
T Choose species adapted to wet conditions
Moderate 10to 20 1 Nonerequired
cm/hour
Excessive >20cm/hour T Incorporate organic matter

1 Frequently irrigate durinthe tree juvenility stage

Compaction

Action Items
1 Refer toprobing wire testompaction results frorkield Shee?.

i Based on the compacti@everity of the site soilpasult Table 8 for potential
interventions.

Compaction breaks dowthe soil structure and subsequently restricts the movement of air, water and
nutrients, while physically restricting root development. Construction actigftiers involve the

complete removal of friablehighquality topsoil, the compaction of subsoil by heavy machinery and the
addition of a thin layer of loguality topsoilThis type of soil will go througiycles of flooding and

drought, and will provide only limited oxygen levels to tree roots. Compacted soils offer a difficult rooting
environment because of their decreased pgpace, botmacroporesandmicropores
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These conditions have cascading effects on a
variety of soil processgas liustrated in Figure
4,including diminished aerobic microbial o
activity (e.gmycorrhizal fungj reduced

nutrient mineralization and impeded soil water
movement (Hirons and Thomas 2018). While
some tree species have evolved physiological
mechanismsand areable to tolerate some of
these soil environmental conditions, there are
still compaction levs at which root growth can So
be completely restrictecc{ickherefor more
information). Soil compaction in the top 30 cm
of soil is particularly detrimental as this is th
most critical zone for root growth after
transplanting

Bulk Density

il Aeration

Root Resistance

h

Soil Porosity

Anaerobic Conditions

|

Soil Biota

Nutrient Deficiencies

|

il Water Movement

Plant Water Deficits

AV

SOIL COMPACTION

|

Figured Increasing or decreasing bawitiths indicatethe likely
effect of soil compaction on the soil propesigurceHirons and
A visuakiteinspection for evidence of high traffic”ercival (2012)
areas (e.g. equipment, foot traffic), patches of
bare soil or evidence of prolonged waterloggin
isaway to quickly assesise likelihood that sits
have been compactedFigure 5)Soil
compaction can also be assessed using simpl¢
resistance measuresuch ashe WLINE 0 A Y
i S arabe 8)Take a 40 to 50 cm length of hig
tensile wire (approximately 3 mm or 10 gauge
e.g. fence wire). Usgbout 10 cm to make a
looped handle and attempt to push the wire intg
the soil Soil moisture will influence the :
resistance of the soil to theire; therefore, this
test shouldbe conducted when the soil is construction activities can result in soil compaction, which car
neither excessively wet nor digfer to Field constrainthe growth of newly planted treeSource: Glen Lumis.
Sheet 2¢ Sal Assessmertb retrieve the results

from your test to determine the compaction level of the planting site.

Table8 Compaction levels as indicatedthg probing wire test and potential interventions

Compaction level indicated by probing wire tes Potential interventions

Severe; wire probe will not penetrate soil beyond Mechanical deompaction (subsoil and/or
10 cm deep backhoe method) andrganic amendments
should beused in combination
(Field Sheet ¢ Site Preparation).



https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_053260.pdf
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Moderatec wire probe will penetrate soil with Mechanical decompaction and organic
difficulty 1630 cm deep amendments are likely required
(Field Sheet ¢ Site Preparation)

Acceptable; wire probe will penetrate soil easily to Follow recommended tree installation
30 cm deep and below (Field Sheed ¢ Tree Installation)

Soil compaction is also commonly assessed using soil penetrometers. These instruments can be effective
in estimatinghow dense a soil is, but are unfortunately also sensitive to soil moisture, and readings may
differ on the same soil depending on whether it is wet or dry. Therefore, a penetrometer should only be
used when soil is neither too wet nor too dry. Generadlydings between 0 and

1,380 kPa (1200 psi) suggest that root growth will not be negatively affected, between 1,380 and

2,070 kPa (20800 psi) root growth may be inhibited and when greater than 2,070 kPa (300 psi) root
growth may be stopped altogethéFrowbridge and Bassuk 2004).

Compaction can also be evaluated using soil bulk dewsiish is the dry weight of soil in a fixed volume.
Many studies have shown that high bulk den@iey compactionin soils negatively influences root
elongation, whik in turn influences the establishment and growth of woody plants (De Lucia et al. 2013,
Salifu et al. 1999, Smith et al. 1997, Zhao et al. 2010).

Soil Organic Matter

Action Items

1 Review soil organic matter lafatorytest results (Field Sheg}.

-

9 If sdls have less than 5% soil organic matter, determine vitiiehventiongs) can be use
to increase soibrganic matter (refer to Table 9 in Chapter 4

Soil organic mattes composeaf living microorganisms and plant residuaganic debris in various

stages of decay and stabilized humus. Soil organic matter is widely understood to mediate many physical,
chemical, and biological soil properties (Gregorich et al. li@@#)dingsoil structureandaggregation

Soil organic matterontent alscexerts great impact on productivity abewesad belowground (Larney

and Angers 2012). Some of these properties include water retention and infiltration, soil aeration,

nutrient retention and availability, andrictions of diverse assemblages of soil organisms. While plants
cannot consume soil organic matter directly through their roots, the activéilddiotamake nutrients

within organic matter available over time.

Soil organienatter ranges have been established in agricultural soils to describe the provision of several
soil functions and associated benefits for crop production (e.g. the Csoihdéalthtest; Loveland and

Webb 2003). Howeverheére is less information on critical soil organic matter thresholds for landscape
tree growth and establishment in urban soils (Oldfield et al. 2014). Research has demonstrdted that
increasing soil organic mattar certain levelsn urban soilsbulk censityis decreasegthereby reducing
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compaction and improving tree growth (Oldfield et al. 204¢iGrath and Henry 2016). Scharenbroch et
al. (2005) found that youngérecently landscapedirban soils were deficient in maenaitrients
(nitrogen,phosphous and potassiunijecauseof soil disturbances that occurred during construction.
The availability of soil nutrients in urban sites is directly related to the amount and quality of organic
matter available in the soil as well as the soil texture. Confjasstd soil amendments asdrfacemulch
applications caimcrease organic matter content and available nutriewes time(Scharenbroch 2009).

oH

Action Items

1 Review soil pH lalbatorytest results.

1 Use Figure 6 to help identifptential pHrelated nutrient deficiencies that may affect trg
growth and health.

Soil pH refers to the level of acidity or alkalioftyhe soiland influences the availability of various macro
and micrenutrients necessary for tree growthhere ardourteenessential nutrientound in plants. The
relative concentrations of different nutrients in plants are classified as matrents (required in

higher concentrations) and micrwtrients (required in smalleloacentrations) Essetial macre
nutrientsare nitrogen, potassium, phosphorus, aait, magnesium and sulfur apdsential micro
nutrientsincludechlorine, boron, iron, manganese, zinc, copper, nickel and molybdenum.

Soils are consideredidic below 7.0 and alkaline abov~
7.0. The majority afiutrients are best absorbed by
plants somewhere between a pH of 5.5 and 7.5.
However, soil pH in urban settings can often be hight
than 7.5 due to leaching of alkaline substances from
concretebased matrials such as sidewalksads, and
other infrastructure. In much of southern Ontario, soil
have an inherently high pH because of the widespres
presence of underlying limestorigue to the alkalinity
of many urban soilghlorosiscan affect certain tree
species that grow best at a pH below 7.0.

Soil pH

4 5 6 7 8 9

I 1 1 I I 1

Due to thedifficulty of modifying soil pH, tree selectior
should reflect the pH tolerances of different tree
species. A extremely acid or alkaline soil can indicate
contamination, which may preclude the planting of
trees, necessitate the use of a limited number of

Figure6 (Right)The influence of soil pH on nutrient availability. )
. . . R . I . Macronutrients ==
Increasing and decreasing band widths indicate relative availabi  picronutrients -
nutrients to trees. Blocking on margins indicates where nutrients  Toxicity z
become unavailable. Source: Hirons and Thomas (2018)
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species or require remediatioli.soil contamination is suspected, contact @etario Ministry of the
Environment, Conservation and Pa/s understanding of previoustatties on the site can be gained
through soil analysis and/or an examination of records.

Soil Volume

Action Item

1 Estimate useable soil volume for each tree planting location.

Soil volume is another critical
factor influencing tree Gt
performance. Ishould be kept in SL )i % o
mind that a seemingly large soll
volume may not all be usable by :
tree rootsif the soil is very
compact.Theamount of water
available to dree is limited by
the volume ofoil to which it has
accessTrees growing in
restricted soivolumes in urban
environments often require
ongoing irrigation past juvenility.

Estimating soil volume is most
relevant in high density urban

settings where tree root systems ™ _ _ _ _ _ _
| h the limits of Figure7 Rooting space impacts tree crown growth in a parking lot in Gelsenkir

commonly reac e limis of a Germany. Trees at the edge of the parking lot have accessdatargoil volume

provided volumeresulingin resulting in greater growth than the treesated within the parking lo® Johan

slowedcrowngrowth Ostberg

(Figire 7), water stress and

greater susceptibility thigh winds pests and diseases (Watson and Himelick 20h&)size of the root
system at maturity should be taken into consideration whanrphg tree placement. New technologies
(e.g structural soil permeable pavement, modular soil cell structures) have been developed to help
increase the amount of usable soil within restricted soil volumes.


https://www.ontario.ca/page/ministry-environment-conservation-parks
https://www.ontario.ca/page/ministry-environment-conservation-parks
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Chapter 3 - Finalizing Tree Selection

The objective of this chapter is to aid imefizing tree selections after environmental conditions and soil
guality and quantity have been asses@€Hapters 1 and 2). Site assesats identify the most pertinent
factors (dimate, light levels, soil quality, salt levels, infrastructure, etc.) that will impact species selection.
Other factors in this chapteleserving considerationclude: mature tree size, growth rate and longevity,
as well as environmental benefits, pastl disease vulnerabilities, native growing conditions, plant origin,
invasion potential, diversity requirements, ornamental qualities and planning for climate change.

Tree Species Selection

Action Items

1 Use key resourcds the box belowand researchiighlights in this chapter tonderstand
criteria for tree species selection.

1 Select tree species using information from Chapteasnd2, the information belowand
from FieldSheetsl and 2

greeninganadianlandscape.cd_aunched in 2018, Vineland Research and Innovation CEg
developed the Greening the Canadian Landscape website, based on an extensive literg
review and synthesis of current research and extension information. It is meantridgreed
design of plantings in urban, suburban and natural settings. It offers a tree species sele
with over 200 species for use in Ontario. Unique to the website is a soil remediation cal
that enables users to input information from a basictestland receive recommendations ¢
how to restore degraded soil.

—

) )

woodyplants.cals.cornell.edu/hongeThe Woody Plants Database is an excellent resourg
northeastern North America developed@adrnell University, through the School of Integra
Plant Science and the Department of Landscape Architecture. It includes an extensive

database for selecting trees, shrubs, groundcovers and vines based on site conditions. |1
focus of the website is amatching environmental tolerances of species to planting sites.

~

tdag.org.uk/specieselectionfor-greeninfrastructure.htmicTree Species Selection for Grg
Infrastrudure ¢ A Guide for Specifiers is a 2019 publication produced by researchers in {
United Kingdom and Sweden. It provides background information on the principles of sit
assessment and tree selection for enhancing green infrastructure. The interaafiee gui
contains a database of 280 species with a focus on selections for Europe but much of it
content is still applicable to Ontario and Canada. The guide offers a rigorous assessmef
ALISOASAaQ SYGANRBYYSyYyGlft G2t SNI ya@ldhabitais,R A
ornamental qualities and potential management issues.

"

—

n



http://www.greeningcanadianlandscape.ca/
http://woodyplants.cals.cornell.edu/home
http://www.tdag.org.uk/species-selection-for-green-infrastructure.html
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Research |-|ig|1|ig|1l:s

ColdAcclimation

The origin othe genetic materiathe locationwheretrees weregrown and whether the species is
marginally hardy tthe plantingzonemay further inform tree selection# trees are not able to adapt
physiologically and become hardy quickly enough in autumn, or lose cold hardiness too guiekly in
spring, tree diebacér mortalitycan occur. Treehat arenot adequately adapted caxperience
freezing stress resulting in increasedidence oflisease. Root damage from extreme dsidfluenced
by several factors such as soil temperature in the root zone, depth of freezing, soil moisture levels, depth
of snow cover and duration okigeme low temperatures. Species variations in terms of bglownd
tissue hardiness differ widelg.g.ornamental trees in northern temperate regichsit experiene root
killing temperatures betweerb°Cand-23°C. Tree age also plays a role in roadihass, where older
lignified roots can be as much as 11°C more cold hardy than youngkgnified ones (Watson and
Himelick 2013).

Native Growing Conditions/Habitat

Tree species have evolved to adapt to environmental conditions unique to thedr malbivats. Globally,
differencesin temperatures, soil types, precipitation, seasonality, winds and competition from plants and
herbivorous animals have produced an abundaricgecies adaptations and environmental tolerances
While some understorey huthforest species may have only a minimal tolerance to drought and highly
exposed conditions (e.g§cer pensylvanicufstriped maplé), other species can compete with other fast
growing plants in open landscapes (€gpulus tremuloidgsrembling aspe]). Although most forest
ecosystems represent a drastically different environment compared to settled landscapes, understanding
the natural environment in which species have evolved canirifelipn the selection process.

NativeandNon-Native Species

Agrowing movement towargreferential planting of native trees in urban landscapes is exerting greater
influence on tree selections. This movement has been driven by environmental concerns around wildlife
habitat loss, pollinator health and the increasipgead and negative impacts of certain Aaative,

invasive specie3here isubstantial literature examining various aspects of plant origin, which is beyond
the scope of this guide. When selecting species for specific planting site conditions suirictas! resl
volumes or high pH, tree environmental tolerances will largely determine the success of the planting,
regardless of the native origin of the tree. Because native trees have evolved in this region does not
necessarily mean they are better adaghto urban conditions in Ontario compared to Ative trees.
Although naitve trees have evolved, broadiyeaking, to the climatic conditions across Ontario, urban
environments can be drastically different from those natural environments.
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InvasivenesandInvasive Potential

There is a great deal mfterpretation ofi KS G SNY WAy @l AABSQ3 | different € | a
tree species. It is important to understand which tree species are currently considered invasive in a

region, in additioto which species have been identified as potentially invasive. Botanical geaddres

good resources for information on unfamiliar speclémyoften have a first glimpse into the potentially

invasive characteristics of introduced species due to ldugje collections of diverse tree species from

around the worldThe Canadian Botanical Conservation Network curates a list of invasivewgiaits

can be founchere. It isespecially important to consider the invasivenessoofmative tree selections if

planting sits arelocated close to any natural areas. Phevinciald 2 @ S NJ/ M/8sidi Kpécies in

Ontariowebpage provids links to relevant resources.

Cultivars

Cultivarsare propagated from an original selection, meaning all propagated individuals are genetically
identical within the cultivar. Therefore, tree performanced amnamental qualities will remain relatively
consistent and reliable. Many cultivars provide targeted modifications to either tree performance (pH
tolerance, cold hardiness, drought tolerance, pest and disease resistance, etc.) or appearance (size,
shapeJeaf colour, etc.). It is important to understand that most cultivars are not rigorously tested against
improvementclaims in tree performance. Attributes such as tree shape, size and fall colour can be
observed relatively easily but traits such as drotgjerance and cold hardiness require extensive testing
for validation. While cultivars offer many benefits, their limitations often revolve awlaic# of genetic
diversity. For instance, overplanting one cultivar offers less genetic diversity than overplanting a single
species grown from seed.

Biodiversity

The diversity oforesttree species varies enormously within Ontario, from the most treeisprich

SO020G@LIS Ay [/ FylFRIFI NBLINBaSy (S Raboukseverdydzaelsieblgdd hy i | NR 2
the speciegoor boreal foresfabout twenty tree speciesh Ontario, a colder climate typically limits the

number of tree species that cgnow farther north. In comparison to natural forest ecosystems, urban

forests tend to be, on average, more diverse, at least in terms of species richness (number of species).

Much of this diversity can be attributed to the many wideging species (natiand nonnative) and

cultivars of ornamental trees planted on private property. Although species richness is high in urban
environments, typical urban forests are still dominapepulationwise by a few individual species and

cultivars (e.gAcer pléanoides[Norway maple]Gleditsia triacanthofhoneylocust).

In recent years, thimterest in increasing tree diversity has been gaining momentum and is reflected in
urban forest management plans. This practice aims to hedge against the potential fpre@desd

rapid tree mortality that may occur in the event of the introduction of a destructive pest or disease (e.g.
Dutch elm disease and emerald ash borer). Although species diversity is important, diversity at the genus
or family level can be more imgant in reducinghe vulnerability to pests and diseases. A common rule

of thumb for achieving a target diversity level suggests planting no more thmm é@ntof any species,

20 per centof any genus or 3fer centof any family (Santamour 1990) within an area. Although many
municipalities have not achieved this level of diversification, work toward this goal should include


http://www.rbg.ca/archive/cbcn/en/projects/invasives/i_list.html
https://www.ontario.ca/page/invasive-species-ontario
https://www.ontario.ca/page/invasive-species-ontario
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conducting an inventory of existing trees and employing evideased processes for introdag new or
underutilizedselectionsOf course, choosing species should always be based on abdveelow
ground site conditions (Chapters 1 and 2).

PestsandDiseases

As a result of global trade, the frequent
introduction of new pests and diseases
becoming a contemporary reality. :
Several tree species/genera in Ontario
have already succumbed to these
introductions:Castanealentata
(American chestnsj from chestnut
blight, Juglans cinereg@outternuts) from
butternut cankerUlmus(elmg from
Dutch elm disease and, most recently,
Fraxinugashe$ from the emerald ash
borer. Emerging pests and diseases of
concern in Ontario include: Asian leng
horned beetlg(Figure8), oak wilt,
sudden oak death, beech bark disease
and the hemlock woollgdelgid. For
detailed information on invasive plant pests and diseases, vigitahadian Food Inspection Agency
website

e W ;
\-\ » —

Figure8 Asian longhorned beetles present a major tatéo Ontari® érbar
and natural forestsSource: Bruce Gill.

Less serious but common pests and diseases for ornamental trees include: anthracnose (many species),
verticillium wilt (many species), tWimed chestnut borerQuercuspp.[oakg and Castaneapp.

[chestnuts]), black knoP¢unusspp. [cherries]), leaf blotch, fire blight, tent caterpillar and canker. Some
species are generally more susceptible to a range of pests and diseases and ateodftimed. When

stressed (e.g. drought stress), most trees become mdresrableto a variety of pests and diseases.
Although a detailed discussion is beyond the scope of this guide, useful ®at®ibresources include

the Ontario Nursery Crogebsitemaintained by the Ontario Ministry of Agriculture, Food and Rural

Affairs and the recently develop&digFinder app

Cultivars can be developed wighhancel pest and/or disease resistance. New cultivars often stem from
the observation of an individual tree of a certain species that exhibits either less severe or an absence of
symptoms to serious pests and/or diseaspsctes can also be hybridized which can impart some
resistance to the resulting hybrid. For example, research and breeding is being carried out to develop
cultivars and hybrids of elm trees resistant to Dutch elm disease. Many such hybrids and culévars ha
been released in recent years with varying levels of success.


http://www.inspection.gc.ca/plants/plant-pests-invasive-species/eng/1299168913252/1299168989280
http://www.inspection.gc.ca/plants/plant-pests-invasive-species/eng/1299168913252/1299168989280
http://www.omafra.gov.on.ca/english/crops/hort/nursery.html
http://www.dkbdigitaldesigns.com/bugfinder/
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Environmental Benefits

Planting trees can restore environmental functions such as habitat provision, stornrmaatgement

and shading or cooling. Resources are available to help estmeatgpe and amount of benefits gained
through tree planting ash different tree selections. Tharfdamental conceptinderpinning these

resources ithat trees need to become established, grow to a large size and tolerate the environmental
conditions preset atthe planting site in order to provide si§inant environmental benefits.

Green Infrastructure Ontario CoalitiQiThe Green Infrastructure Ontario Coalition is
comprised of many organizationgh the shared goal of helping Ontario realize the full raf
of economic, social and environmental béts of green infrastructure.

=

I-Tree¢ The United States Department of Agriculture and Forest Servicewasped the
now widely usedTree program. There is a suite-@iree tools available related to
understanding and valuing environmental and economic benefits provided by trees. The:
include tools for forests, as well as large and small tree plamjects, including individual
trees.

I-Tree Speciesi-Tree Species helps planners select from a range of species that will pr
varying degrees of environmental services based on geographic locatitveeasite. It helps
calculate the effectiveness of different trees in: air pollution removal, air temperature, w
and ultraviolet radiation reduction, carbon storage, pollen allergenicity, building energy
conservation and storm water management.

Conservation Ontarig/ 2y A SN GA2Y hydF NA2 NBLINBASY
authorities, which are communi#tyased agencies responsible for watershed management.
They are mandatedtensure the waterand landbased natural habitats present within thei
watersheds are protected, through conservation, restoration and responsible managemL
When planning a naturalization planting, it is important to consider how naturalization cg
achieved economicallyandga (i 6 f AaK SO2f23A0Ff AydS3aN
are some of the main coordinators of such plantings and provide access to information g
funding for eligible landowners.

O

—_—

Every tree planted may host a widmge of insect herbivores ambllinators,as well as provide nesting
habitat and food There is an abundance of information on the palatability of foliage for different
herbivores. Consult your local extension office, crop specialisnservation autbrity for information
on species that can provide good quality habitat or specific recommendations for how te hediiiat
for at-risk species.

Ornamental Qualities
It is not the place of this guide to delve into the aesthetic principles of landscape design. The visual appeal
of different trees will vary from persén-person and is likely the most subjective aspect of tree


https://greeninfrastructureontario.org/
https://www.itreetools.org/
https://species.itreetools.org/
http://conservationontario.ca/about-us/conservation-ontario/
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selection. It is important that the ornamexhtgualities of a tree are envisioned at maturitycr@svnsize
and form, leaf density, branching and much of the visual appearance of a tree will become most
noticeableonce larger. Planting site environmental conditions didtatevast majority of limitatias
during the selection proces$here areften multiple choices of commercially availabpecies or
cultivarsthat providecertain ornamental qualitie¥Vork with a landscape architect or designer to help
makeaesthetic deisionsor use resources that hekelectvisually compatible trees

PrecipitationandIrrigation Requirements

During theestablibmentperiod, all trees arsusceptible to water stress because most have lost
substantial root mass before transplgné. fielddug trees)yand/or are experiencingjansplant shock
Additionally, for container treegrowing media used in the nursery (usually peat and compost bark
based mixes) are prone to drying after planting. For these rezablasge trees are recommended to
NEOSAGS G fSFaAdG a2YS ANNARIAFIGAZ2Y | wid$oNdanckslandi A y 3 @
strategies to contend with a lack of available water. Because water availability is critical to the
physiological processes of all plants, it is often considered the most important characteristicldfter
hardiness when selecting ajpriate material for a projecflso,precipitation levels that may be
sufficient for trees in open or natural settings may not provide enough moisture where soil volume is
limited, soil quality is poor or pavement reduces wateltiafion (Hirons andj8man 2019. The heat
island effect in buiup areas, as well as miectimatic considerations such as wind tunnels, may also
demand improved droughaind heattolerant selections.

Expected Maintenance
Regulabranchpruning may be requireid
trees are planted too cloge utility power
lines.However, if trees are planted directly
underneath utility lines, improper practices
such as topping are sometimes employed,
which have detrimental effects on tree healt
(Figure 9)Low branched trees planted near
pedestrian walkways will need to be prdne
for clearance. Trees that drop large, messy ¢ et =
otherwise undesirable fruit, or are prone to Figured Trees plantetbo closely to utility wires are at risksevere

pruning or removal. Trees in the photo above were topped to av
b_ranCh b_reakage’ should be avoided near conflicts with the overhead utility wires.
hightraffic public areas.

Typically, branchreakage is a concern during episodes of high wind or ice/snow storms.dt#owev
certain trees are prone to dropping branches readily pmplars, willows, silver maplesyhich poses a
significant public safety risk and potential costs associated with utility power line damzagphiry that
results in narrovangled branch units withincluded barkends to be more vulnerable to breaking.


http://www.hort.cornell.edu/uhi/outreach/pdfs/visually_compatible_trees.pdf
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Future Climate Scenarios

Trees must be cold hardy to their planting locations and also able to thrive in normal summer
temperatures. Cold hardiness and heat toheare particularly important for losiyed trees that will
experience a changing climate. Climate change scenarios include predictions of increased temperature,
increased frequency and intensity of storms, cold snaps and heat waves. Scientists dRdatunzes
Canada have producedsaries of speciespecific models and mafar plants, including many tree

species. These species have been mapped in order to estimate ranges in which taggiyain current

and future climate conditions (NRCan 2017). Many tree species in Ontario are predicted to expand their
northernrmost ranges (McKenney et al. 2007) due to forecasted increases in precipitation and
temperature (Eskelin et al. 2011).



http://www.planthardiness.gc.ca/?m=23&lang=en
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Chapter 4 - Site Preparation

When soil orsite is compactedagcording to thgrobing wire testTable 8 in Chaptel) 2ndor organic

matter is less than fiveer cent soil preparation may be necessdrgcates must be acquired and-set

backs followedDepending on budget and access to equipment, methods for loosening soil can vary. This
chapter will outline severa&chnigues that can alleviate compacted soil on all types of sites

Action Items
1 Ensuredcates are completed and seacks are followed prior to site preparation.

i If using one or more of the site preparation methods, use Field 8la@et the
information below to provide guidance

Based on the soil assessment (Chapter 2 and Field 3hdetermine if site preparation is
necessary:

91 Determine if mechanical deompaction is required.
1 Determine whether amendments are required.

1 If the existing soil osite is not adequate to support tree growth or is specified for
replacement, then refer tthe information on installing imported manufactured stithe
end ofthis chapter

Mechanical De-compaction

Compaction can lead to a breakdowrsoil structure leading to reduced s@ggregationaeration and
water infiltration While oot growth,soil biotaand frost action can improve soil aggregation and
counteract compction over time (Jackson 2014);ompaction is severe on a planting site, sedal
compactiormethods may be use@epending on soil conditionghen acombination of soifle-
compaction anarganic amendmentcorporation are usedree establishment and growtiate
increases have been demonstraigéymaret al. 2016McGrath and Henry 2016®ldfield et al. 2015).
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Subsoiling

Subsoailings a welresearched method for de
compacting soil (Andrus and Froehlich 1983
Kolka and Smidt 200Rolf 1991)It involves the
use of heavy equipment capable of pulling chist
or tines through the sofFigure D). Due to the
size of the equipmemeeded, subsoiling is
generally suited tpreparing multitree beds on
medium and large planting sites with limited
underground utilitiesAdditionally, subsoiling is
often limited to flat, gentlend moderate slopes.
The USDA Forest Service (24)08comnends
subsoiling 5 cm below the deepest layer of
compaction. In urban landscapes, soils are
typically compacted to depths greater than 50
cm. Therefore, subsoiling to a depth of 60 to 90
cm is preferred. Subsoiling to this depth helps &

ensure water can draipast the root badl of Figur0 An excator with a ripping tineaffective for
newly planted treedt is also important in subsoilinggompacted soils on larger sites.

avoiding the creation of a perched water table

when topsoil or other amendments are added to a site. Perched water tables occuswiseiis
impermeable andvater becomes trapped above that layer, creating waterlogged conditions. Subsoiling
helps create space for air and water to move downwards in the sdiledpsl blendhe artificially distinct
layers common in urban soil.

A

BackhoérlurningMethod

TheBackhoe Method alstalledSoil Profile Rebuilding another soil preparation proceasdinvolves

applying organic amendment and using an excavator bucket to scoop native soiartinentDay

2016) The operator then tips the bucket and lets it fall. This action breaks up compacted soil and creates
veins of amendment deeper within the soil profile. Research has shown that soil profile rebuilding
improves tree growth and reducssil bulk density as compared to conventional topsoil application
methods (Layman et al. 2018gckhoe turnings a technique suitable for small to medisined sites.

Surface D&ompaction

Small to medium, ligkduty tools like chisgllows, rotary spads (Figure 1)1 agricultural rototillers and
vibrating subsoilers can be used when compaction layers are shallow or when underground utilities are
close to the surface. When deeper soil layers are compacted, small to rdadrtools will only scarify

the uppermost surface of the soil (USDA 2008a).


https://www.urbanforestry.frec.vt.edu/SRES/#spec

26

Other implements, like agricultural rippers or tillers oftel
reach only a depth of approximately 15 cm, althodigh
blades andotary spading implementsan cultivate
deeper In cases where deeper soil leoing methods
(e.g. subsoilingr backhoé are usedsome kind of
surface cultivatiols often required to level the sail
surface and can be used to incorporate organic
amendmentsFor more informationglickhere.

Research studies have demonstrated the benefits of
subsoiling, tilling and backhoe turnifog tree growth in
compacted soil (Layman et al. 200&Grath et al. 2016 ¢
Somerville et al. 201&innett et al. 2008 Specifically,
the subsoiling method has beéund to improve tree
growthmore effectivelywhen municipal compost was
alsoincorporated into the soil to a depth of 30 cm using
spadng implemenfollowing subsoiling (McGrath and ; e
Henry 2016)improved tree growth was attributed to ~ Figurell Surface deompaction andhcorporating
decreased soil compaction, increased organic matter gggggﬁtagﬁzgmﬁgf ﬁ;lgri:rff:';ﬂzrggxghv o
content, nutrient availability amdater holding capacity. PTGdriven rotary spader (a type of spade tiller).
Radial trenching a technique that is most commonly
used for established trees to provide roots access to
loosened soi(Watson et al. 19968Vatson 2002Figure
12). Radial trenches are channels of loosened soil that
are dug to expand roedble area outside the planting
hole. Trenches should be filled with loosened soil, ideally
mixed with a suitable organic amendmeflthough this
methodistypically usedor mature treesvhere rootsare
alreadyestablished, it cabe used on smaller sites where
the use of large equipment for mechanical de
compaction is not possibl&nother technique that is
meant for established trees but is suitable for new
planting on small sites vertical muthingwhich uses air
cultivation to reduceompacted soillt can be used
around existing trees or closer to building foundations or
roads. Vertical mulching usesmpressed aio drill large
holesor excavate segments in compacted soils aroun™ _ o ) _
e . Figurel? In existing plantings or for new plantings where
trees and backfilhith organic amendment. Research  ihere is limited space to bring in equignt, radial trenching
findings on this method have been mixed (Watson et can be used to reduce compaction and increase organic
2014). Research drerocarya stenopterChinese (217 X000 fenenn iles v 2 ok o e
wingnut) andAcer saccharurtsugar maple) revealeth  or other organic amendments. Source: Hirons and Thom
benefit when using vertical mulching (Pitiger and (2018)



https://www.fs.fed.us/t-d/pubs/pdfpubs/pdf08342828/pdf08342828dpi72.pdf
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Stamen 199(Kalisz et al. 1994). Other studies found increased root grovimus radiatg§Monterey
pine), Tilia platyphylloglargeleaf linden) andPlatanusk acerifolia(planetree) trees (Nambiand Sands
1992 Sheriff and Nambiar 199%/atson et al. 1996).

Other Techniques for Improving Drainage

When soils cannot be sifinantly modified or replaced it may be necessary to install a drainage system
subsurface tile drain can be installedggcing a corrugated pipe (with perforations all around) into the
centre of a trenclapproximately30 cm wide and 25 cm deep (Smiley.)n.@he pipe should be

surrounded by coarse sand and be placed on a downhill slope to an appropriate drainage acah. Vert
drains, which are auger holes filled with gravel, are another solution to allow water to drain below the
root zone. Strip drains can also be used foticardrainage

(Urban 2008).

Soil Amendments

There are many different soil amendment optianailable to be used in preparing planting beds, ranging
from commonly used ones such as compost and sand, to ledaweth ones such as lava sand.
Generally, organic amendments are the most effedtiw@proving avide range of soil conditions during
site preparation before planting. The follogisections briefly summarigges of organic and mineral
amendments, wittan emphasis on organigxendments due to their ability modify soil chemical,

physical and biological properties. Organic amendmametsomposed of (typically composted) plant and
animal residues and other organic wastes. Mineral amendments are natural or praoessed|sused

to modifysoil texture most commonly to improve drainage (Urban 2008). Depgnaln the orsite soil
conditions, it may be advisable to use a combination of organic and mineral amendments tothehieve
desired soil conditions.

Organic Amendments

Urban soils typically lack adequate organic malktéhe planting soil has less thamper centorganic
matter, it is strongly recommended to addme type of organic amendmesmd preparing a planting
area but adding organic amendment into planting holes is not recomme§tigties have evaluated
different organic amendments (compostulch biochar and biosolij)lgs well as methods and rates of
application and thie effect on tree response, soil properties and the environm@igdn et al. 2013,
Larney and Angers 2012, Layman et al. 28férke et al. 2011jabé 9outlines a number of organic
amendments that may be used for tree planting. Different techniques are used to apply organic
amendments, depending on the project requirements. For instance, if aftercare will be provided on an
on-going basis, regular additis of mulch and compost can dearface appliedif less aftercare is
expected, then a oréme incorporationexcluding mulch, which should always be surface applied)
organic amendment befonglanting may be more practical.
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Table9 Summary of benefiend limitations of organic amendments for landscaping

Organic Benefits Limitations
amendmenttype
Compost 1 Widely available 1 Variability byfeedstock and
1 Improvessoil fertility among batches
1 Improvessoil structure 1 Weed seeds may be present
1 Improvesmoisture retention
1 Microbially active
Organic miches 1 Widely available 1 Should not be incorporated
1 Improves moisture retention into soil due to high carbon to
1 Improvessoil structure nitrogenratio
9 Slow release of nutrients
1 Can be inexpensive
Biochar 1 Improves moisture and 1 Expensive
nutrient retention 1 Limited availability
{1 Stable and persistent 1 May notapply uniformlyand
can be dusty
Bio-solids 1 Canimprovesoil structure 71 Controversial due tmixed
through additions of organic public perception
matter 1 Concerns around presence O
9 Source of nutrients pathogens and/or metals
1 Caninprovemoisture 1 Lack of landscapgrade
retention products
1 Inexpensive

Composting is defined asnatural process through which organic material is convéntedh soilike
product or humus. The process works with the helmicfoorganismsuch as bacteria and fungi

combined with air and moisturélighquality @mpost products contain diverse and abundant microbial

communities (such as bacteria and furgg)well as active microbial food sources. The combination of
organic matter and microorganisms in compost can be important catalysts for improvingvpitatile
water andsoil aeration and increasing nutrient levels and cycling. Initiallin¢beporaton of organic

amendmentcan reducesoil bulk densitiesimply due to the lower weight per volume of organic material
(Khaleel et al. 1981). Hitignin, barkbased composts, as well as yard waste compost are two of the most

common and suitable productsrfvees (Urban 2008).

A quick way to assess compost quality is through a visual and odour asseldgyhemility compost
should have a dark brown toaok colour and an earthy smélbr more information onompost quality,
as the provider for the compm analyticsvhichwill provide information on important chemical,

biological and physical characteristics of the compost. Key characteristics include: maturity, soluble salts,

organic matter, carbon to nitrogen ratio, pH, trace metal content, nutrieneodyweed seed and soil
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pathogens. Compogiroperties can vary wideliiowever, within Ontario compoguality should be
checked against thestablished standard€lickherefor more information.

Compost maturity is very important because if the composting prisesscompletedyet and compost

is immaturethe composting procesasill re-initiate after application orsite. This occurrence can raise

soil temperatures and immobilize nutrients. Maturity is tested by the Solvita maturity index, which
monitors the respiration of microorganisms. Soluble salt levels are a good indicator of nutrieim levels
compost, however, if salt levels are too high they can be detrimental to trees. Soluble salt levels can be
measured withelectrical conductivitySaebg and Ferrini 2006). Carbon to nitrogen ratios are also
important because they dicate how quickly nutrients are made available from compost. Ideal ranges for
trees are between 15 and 2&er cent(Saebg and Ferrini 2008rban 2008). Recommended pH ranges for
compost are between 5.5 and 8.0 but should be close to thef ¢ soil onsite.

Organic milchesare composed of various plant materials, most commonly bark and wood chips, which
are used for landscape trees. When considering organic mudstes amendmentesearch has
demonstrated that regulaopdressing of organic mulch camprove soil properties and tree growth
(ChalkerScott 2007Scharenbroch and Watson 2014). Mulches should not be incorporated intaesoil d
to their high carbon to nitrogen ratiofhey do not decompose as quickly as most congpast can
immobilize nitogenif incorporated.

Biochatis a high carbowgontent, stable product derived from organic material that is heated in the
absence of oxygelt.is another organic amendment that has generaaéhtered for improving soll
propertiessuch as nutrient and water retention and is stable and can persist in the soil. Most research
has focused on agricultural applications, however, interest is growing in testing tree response in forest
restoration and urban tree plantings. Findings haveatdd a significant potential for positive growth
response when using biochar, witlgreater effect in tropical and boresystemghanin temperateones
(Thomas and Gale 201%urthermore, scientific studies have shown much variability in tree growth
response, although few field studies have been condudteel properties ofibcharvary greatly

depending on feedstock and production processes, which may account for differing results (Thomas and
Gale 2015). Biochar is expensive in comparison to othendments and is not as widely available, thus
limiting its use on a broad scale.

Biosolids are the nutriesrich organic materials derived from the treatment of sewage sludge and other
wastewater (e.g. pulp and paper residuals) and have been used ircllimagon of agricultural, forest
and disturbed lands. Biosolids can increase soil fertility gmv@ soil physical properties.

Scharenbroch et al. (2013) found that applying biosolids to an urban tree planting site intlreased
available nitrogen, miobial respiration and tree growth. Depending on how biosolids are treated, pH
values may differ substantially, so it is important to ask for available analytics or do additiowal testi
before use in the landscapg&he Ministry of Environment, Conservatend Parksegulates the use of
biosolids in Ontario.

Although peat moss is widely usedagsotting medium ingredienin the nursery sector, it is not
recommended as a soil amendment in the landscBgat tends to shrink whem driesand causesoill
settling as it decomposes. It can also resisivetting once it driesind is costly


http://www.ontario.ca/page/ontario-compost-quality-standards
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Mineral Anendments

Mineral amendments offer a lasting impact on soil modificagiosually throughmproveddrainage.

Sand is frequently incorporated into soil and manufactured soil based on specifications to improve
drainage, although only large amounfscoarse san(@reater than 5@er centby volume) will have
significant impact in fine textured soils (Urban 20@&ndhat issurfaceappliedis not effective for
improving drainage and can erod@ther mineral amendments include expanded shale, clay and slate
(ESCS), calcine clay, lava sand, among many othgeaddey on local availabilitalthough there are
many products available, very little reseanetsevaluatel the effectiveness of most products (Sloan et
al. 2012)Therefore, autious use of these amendments is advised as the research on their afficacy
rather limited and they can influence soil pH.

Imported Manufactured Soil

Imported manufactured soil
should be used when planting
trees in a city settingndwhen |
the existing soil will not support
plant growth anawill needto be
replaced. It can be comprised o
mineral and organic soil
componentsas well as
speciality materialthat are
mixed to obtain soil properties |
necessary for tree growth (referg
to Chaper 2).There are two
basic categories of imported
manufactured soilSoil blends
can beused in combination with
structures that support -
hardscapes (e.g. modular lead
bearing plastic structures
Figure 13and in any othericumstance where soil is replacddble D).

Figurel3 Installatin of DeepRoot Green Infrastructure Silva SelisceDeepRoot

Structural soils composed of a mixture ahgular crushed storend soil (including both mineral and
organic content) that resists compaction while providing pore spacedbpenetration (Table().

Structural soil was developed as an alternative to compacted soil required to bear the weight of paved
infrastructure in urban areas (Smiley et al. 2006). Thesaipying the spadeetween the stones in
structural soil imon-compacted, whiclallowsfor air exchange, water holding and root growth. When

using structural soil, it is important to pay attention to nutrient requirements of the tree species selected
because it has a limited ability to provide and retain nutrieatspared to soil blends (Smiley et al.

2006). There are different proprietary structural sqitshapsthe most welknown being the product
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created by Cornell University known as CU Structural Soil®, which has beesearthed (Grabosky
and Bassuk995, Grabosky et al. 199&rabosky et al. 2002).

Tablel0 Overview of general properties and recommended uses for manufactured soil

Typeof

. Recommendedses
manufactured soil

General properties

Soil blend 1 Mixed to meet specifications or 1 Tree planting in urban

requirements

Designed to improve drainage
Can have high organic matter
content (improved nutrient
availability angborosity)

Organic matter added to blends
should not be greater than 10 to
15 per centby volume

Should have low salinity
Recommended soil texture is
sandy loam (greater than J@r
centmedium or coarse sand)

settings where native soil
is absent or of poor
quality

In conjunction with
structures that support
hardscapes (e.g. modula
load-bearing plastic
structure9

Structural soil

Comprised of highly angular
graded crushed stone, clay loarr
andhydrogel

Creates accessible soil volume
and pore space for water, air an
root growth

Prevents settling and subsidence
under pavement

Nutrient deficiencies may arise
for certain species

To create expanded soll
volumes under
pavements

Choose species adapted
to nutrient-poor
conditions
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Chapter 5 - Tree Procurement, Transport, On-site
Inspection and Handling

Individual growers may use different production techniques to improve tree qualitigelpialto ask
productionrelatedquedi A 2y a4 YR 06S02YS Practiced Thi$ hlps@dsiréthel Yy dzNA S NJ
correct productionype is chosen for a project and that quality production strategies are employed.

Action Item

1 Get to know the nursery and how they produce their trees. Use this chapter and
Field Sheet 3 for additional guidance.

Selecting trees grown in a nursery relatively close to the plantingaigases the likelihood that they
are adaptedo the local climate. The source of the rootstock for grafted trees is not always,known
however, material should be purchased from adivéess zone similar to (or lower than) the planting site.

Whenever possible, visit the nursery where the trees will be purchased. Inspecting and selecting trees
OA®PS® WilFIIAYyIAQU |G GKS ydzNA S NisiteKrthimkihg SigamozN®E G K I
of rejected material. Select quality tre®g assessing both tlegownand the roots, to the extent that it is
possiblelf appropriate or requirednark a specific side of the trees so that they can be plantg:

same orientation as in the nursefhis being said, little research substantiates the importance of trunk
orientation at plantingTrees produced in nurseries should meet or exceed certain basic standards. The
Canadian Nursery Stock Standard providieénmum guidelines for nursetgees Alltreespurchased for

planting should be:

1 True to name, type and form

1 Representative of the quality of their speciesultivar
1 Healthy and undamaged
1 Free from all pests, including pelinigs weeds, insects and diseases

E ]

Welkormed with roots and a crown that will not restrict growth or impede the life of the tree

Types of Nursery Stock

There are three main nursery production methdsire root trees with asoil ball (e.gballed and
burlapped machine dug into wire baskets) asahtainergrowntrees(including aboveand below
groundpot-in-pot systems
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Action Itens

1 Using a site assessment (Chapterand®, and Field Sheet 1) and planting specification
select stock type appropriate for the planting.

1 Where first choices are not available, work with the nursery to make suitable substity

192)

To ensure the succdssestablishmenbf planted trees, proper site assessment (abawel below

ground) and species selection should be followed by an evaluation of nomséugtiontypes (Table 1)L

and quality. Suitableees should be setted based ospecific levelof aftercare (e.qg. irrigation,

mulching weed control) envisionedvhich will help dictate the correct stock size, root ball characteristics
and production methods (Gilman and Sadowski 2007). Fdinglarnnhigh qualitywell-drained and

irrigated soil, anproduction type(bare root, soil ball and containgrrown) shoulgerform well
Howeverwhen irrigation is limited or absent, and/or soil quality is poor, choosing the appropriate
productiontype for the site is important (Gilman and Sadowski 2007).

Tablell Comnon nursery production systeiasd their benefitsrad limitations

Limitations

Nursery
production Benefits
system
Bareroot 1 Costeffective
1 Easy to move and handle
on-site

1 Circling roots are not
common and can be see
and easily corrected

9 Strong lateral root
development can be
achieved

Transplantings seasonal (during dormanc
Root dryout can occur during shipping an
handling orsite

Roots are lostduring digging

Size is usually limited to smalk=diper
trees(< 50 mm)

Posttransplant recovery reducedd areas
that experience extreme heat and drougt
Cultivation in field soil can reduce fine roc
mass

Irrigation after planting is more critical
compared tarees with a soil ball

Usually requirestaking
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Trees with a soil 9 Largentree sizes are More costly to purchase and ship (fewer
ball (e.g. balled available trees per truck)
and burlapped, 1 Processed with sdiiall, Challenging to handle esite due to
in-ground fabric which can reduce post greater weight (equipmentsually
bags, wire transplant water stress required)
basket, 1 Use of root pruning Transplanting is seasonal
field-potted) procedures can increase Roots are lostluring digging
root density at the Structural roots can be positioned too de«
exterior of the root ball in the root ball and can be challenging to
1 Maynot need staking detect
Containergrown 1 Flexible planting season Misdirectedg including circling, roots are
(aboveground, { Easy to move and handle common and can be challenging to detec
pot-in-pot) on-site (lighter weight and correct
than field soil) Structural rootcan be too deep in the
1 No roots lost; no digging container

Soilless substrate in the container is subj
to dry-out
Usually require staking

Above-ground Quality Assessment

Action Items

9 Select quality trees using criteria in this section and in Field Sheet 3.

1 Upon deliverytrees should be inspected for abegeund and belovground quality
using information in this chapter and criteria in Field Sheet 5.

Only trees with wellormed crowns sbuld be selected for plantingrees with calominant leaders
(except pyramidal and uiti-stemmedforms) should not be selecteBranches should be wslbaced
around the trunk of the tree to fon an evenly distributed crowtt.is important to retain the natural
characteristic shape of the tre@&ranch angle should be adequately widerevent the formation b
included bark in the futuréBranches and calominant stems with included bark are vulnerable to failure
(Figure 14. Pruning cuts should be closed and axgér than 2.5 cm in diameter 85 per centof the
circumference of the tmk.Bud unions shouldévisible above the soil lin€he relationship between

caliper and height should be evaluated and only trees that comply with the latest edition of the Canadian

Nursery Stock Standd (CNSS) should be selectepecialty tree type&.g. dwarf, formal, tografted,
columnar, fastigiatednd multistemmed) should comply with the latest edition of the CNSS.
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Figurel4 (A) Included bark formed on a mature tdeenonstrating why looking for branch angle and signs of included b
at the nursery are importanthe white arrows indicate where therkinclusion seam formed. (B) Failooeursat the
inclusion due to weakening at the junction between two stems of similar diameter. Included bark can form between «
dominant stems. whiclnéreases the risk of failur@Duncan Slater

There should be no major wounds on the trunk, nor signs of dead, diseased, broken or injured branches.
There also should be no evidence of nutrient or moisture deficiencies, including reduced size, wilting or
early colour change in leaves. Shoot growtrughdemonstrate normal growth for the current and last

few growing seasons (e.g. two to four years dependinpeitreeage and typeandfor treesof that

species. Although shoot extension is variable, each species or dqwdgvitssown growth charadristics.

Nurseries might not prune lower temporary lateral branches, as they help prtnmcketaper(\Wrigley
and Smith 1978). Removing lower branches too early in the nursery can reduce trunk taper and inhibit
root development.

Below-ground Quality Assessment

Action ltems

1 Locate the root flare on treand probe root balls to find the depth of structural roots.
91 Learn about root mnagement practices employed by thersery.
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Trees with a damaged root ball shootat be selected or accepted. Roots/root balls should be moist
throughout andf the tree foliage is wilted or shows signs of prolongteess from moisture loss, trees
should not beselected oaccepted. The upper part of tieot flareshould be at or very close to the
surface of the root balbr in the case of barm®ot trees, at or gry dose to the soilihe (Figure 1p The
root flare(also calledoot colla) area is wherghe root system connects to the baskthe trunk and
may or may not have a flald&e curvature, depending on the species and age of the tree

The topmost structural roots shoulideallybe no deeper than 5 cm from the surface of the soil (Gilman
and Sadowski 2007 the field, deep rootsan be theresult of soil cultivation thatepositsadditional

soil on top of tree root systemburying the natural root flarerdes with uppermostoots positioned too
deeply willstruggle to survive when planted into less favourable soil conditions of an urban site (Day and
Harris 2008)

Trunk taper
Root flare
Soil surface

‘ Lateral roots near
e\ N the soil surface

Figurel5 The root flare is the regiavhere the topmost roos meetthe trunk of the tree and should be visible nearstiie
surface on nursery stodKustration by Keith Sacre, Barcham Tré&ggland

In container production, the combination of using too much potting mediting of media and toppirg
up with media and/or mulch can result in deep root systems (Hewitt and Wag@®). To find the root
flare, remove the soil or media around the base of the trunk until thertogtstructuralroots are

visible. Theoot flare should not be confused with the slighink curvature and different textured barks
present on treepropagated byudding The bud union wibe well above theoot flare (Figure 1%
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Figurel6 The bud union is the slighttnlarged area pictured abovéhearrow is pointig to a structural roobelow the bud
union. Source: Glen Lumis.

Bare rootirees with fewer than three wetlistributed structural lateral rootsriginating from near the
base of the trunk shouldot be selected or accepteds some specidsave been found to transplant

poorlywhen this is the caggraves and Wilkins 1991, Nambiar 1980).-Sheed root gstems should

also be rejected.

Root defectgor misdirected roots) shoulak identified during inspecticand carected prior to planting.

Roots should not bmisdirected upward (ascending), downward (descending), circling or kinked, as this
can infuence the distribution of coarse roots, water and nutrigequisition abilities of the treend

future stability Urban soils are commonly compacted and waterlogged, leading to low oxygen conditions.
Root defects can result in poor distribution and deep placement of structural roots. In urban soils, severe
root defects can exacerbate already difficult growing conditi@ssiting in inhibited root growth,

delayedtree establishment and in severe circumstances contribute to tree mortatits that circle

near the surface of the soil can girdle the tree, effectively cuttindp@tiransportation of resourceand
potentially causingmortality over time (Gilman and Masters 2010).

To assess root quality for contairggown material, lift the tree out of the container to examine the root
structure and look for misdirected roots. Correction of misdirected mtgitantingcan improve the

ability of trees to root into the soil (Gilman et al. 20R8ot ball shavinigan effective method to

remove misdirected roots on the exterior surface of the root ball (Gilman et al. 2010). When root defects
in trees are a result of the final stage production practices, the outer 5 cm of the root ball may be shaved
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off with a saw osharp shovel. This practice should be used cautiously in order to keep the rest of the
root ball intactResearch by Dr. Gilman at the University of Florida has tested the effects of root ball
shaving. For more information on his research and detajsaper shaving techniques, clickre.

Trees may have been growsingmore than one type of production system. The different methods used
throughout production camfluencethe final quality ofiursery treesCare should be taken to avoid
selecting tees with evidence ofmprintsfrom previous nursery production stag&ultiple layers of

circling roots that have developed within the root ball frsumcessive production stages cannot be
corrected at the final stage with root ball shavilhdgs challenging to detect multiple layers of root ball
defects, particularly in containgrown material. Therefore, it isperative to learn aboubot

managenent practices. Ask the nursery to provide information on root management techniques used to
correct misdirected rats at each step of productioivhen selecting field dug trees, pertinent

information such as when large trees were transplanted orpaated should be available upon request
from the nursery.

When nursery producersseactive root management techniques, root qualityriproved. For instance,

nurseries that either rogprune in the field, root ball shave or useiuning at each stage of sizing,

will produce higher qualitiyee root systems (Gilman et al. 2015). Nurseries around the world are making

an effort to improve their production practic#sorderto grow weldistributed,fibrous andvigorous

root systems free of major defects.S®containernurse & | NB 0 S 3 A y ygkoyiag tihe® § NJ O
and sell or ugsize before misdirected roots can farm

Transport and On-site Handling

Action Items

1 During transportation, ensure that all trees are protected and roots have been kept
adequately moist.

1 While unloading trees esite, avoid handling roughly or dropping.

1 Inspect trees immediately and report any rejected material, ideally before thergelive
truck leaves.

1 Protect trees orsite and ensure that they have adequate moisture for their roots syst

n

Transportatio of trees shouldbe restricted toa covered (e.g. meh tarpaulin) or closed vehidle

prevent the desiccation of plant tissue (le;veeedles and branches). Trees dug during the growing
season or moved from shade houses or greenhouses need to be hafépéddr to being movedare

root trees should be moved only when dormant and require more protection during handling and
transpotation. Adequate moisture must be provided to the roots to avoid desiccation of the root system.
Trees should not be held by their branches and bundles of trees should be handled gently to avoid
scraping the bark. Walking on the loagkds tobe avoidedHandle with care tenaintain the firmness of

the root balls for balled and burlapped trees. Trees in wire baskets should be lifted by their basket at


https://hort.ifas.ufl.edu/woody/shave-prune.shtml
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three or four points or by supporting the root ball from below. While lifting, be careful not to damage
stems, branches and roots.

Trees should be inspected upon arrival and nurseries notified immediately of any rejected material
recorded on official shipping documenid the time of deliveryroot balk should be inspected for
adequate moisture levels and-déquired, the root badishould be revetted. For container trees, it is
important to assess moigiel by feeling the growing mediumAfter unloading, bareot tree roots should
be coveredhnd protected immediately from the effts of frost, sun and windh addition as needed, the
roots should be soaked with watand/or dipped irhydrogelafter inspection. Until plantedhare root
trees need to berotected from desiccatiarifbare roottrees are delivered with dry roots, they should
be rejectedasshould any trees with unacceptable root quality.

Holding Material

Action Items

1 Keep soil and roots moist.
1 Keep trees protected from wind and sun if necessary.

1 Correct any root defects/éva root growth that may have occurred during the holding
period.

The delivery of plant material should be scheduled to minimize the amount of holding tsite.dhis
recommended that the storage of plants-site be limited to a maximum of 36 hou&L.S 2016). When
planting is postponed, the materigtbred onsite should be protected and irrigated. All balled and
burlapped, container and wire basket trees sho@dtored in an upright positiaand spaced out
enough to allow the light to reach thetbmm of the trunks to avoidunscaldvhen planted (CLS 2016).

If trees with a soil ball or container are to be helesiia for anysignificantength of time before
planting, then the root ball should be checked daily and kept niiopgissible, leave the tre@s ashady
area. If containegrowntrees are held for a prolonged period of time, roots should be assessed for
structural defectshat may form along the container walishich should be removed before planting.
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When possiblehare roottrees should be planted before bud break and within 24 hours of receiving the
shipment. Trees (especially their roots) should be kept in the shade and covered to prewert dry

trees are not planted within 24 hours, they shoulchbeledin as quickly as possible. A shoitiemm

strategy to storéare roottrees involves the dipping of their roots into a slurrinyafrogeland waterto

Figurel? Installation of an experimental Commut
Gravel Bed System testing different substrate ty;
Pea gravel ipictured in the bed above. Source: D
Kelby Fite, Bartlett Tree Researchotatories.

preventdesiccation of the roots (Apostol et al. 20B8glert
et al. 1993). Finer grade hydrogel products provide better
coverage of fine roots. #&fr dipping, protectoots from
drying outusing plastic bags, tarps, containers, ettil the
tree is plantedPlastic bagmay not be practical for a large
number of tees.

A longetterm solution involves the storage ludire root
trees in a bed afrigatedpea gravel (Urban Tree
Foundation, 2014) or in loo$gable material (e.g. sbisand
or arborist wood chips). Pea gravel has bepreéerred
material for this type of solutioffFigure 15, as some
researchhas foundgreater mortalityof trees in wood chip
beds attributed tchigh temperatureshat can occuif wood
chips begin composting (Starbuck et al. 2086wever,
new research by Dr. Fiad the Bartlett Tree Research
Laboratories is showing promising results using arborist
wood chips to promote fine root growth, if managed
properly(Fite,personalcommunication)

Community Gravel Beds, also known as the Missouri Gravel
Bed System, have be in use by nurseries, cities and

researchers for over 20 years. Originally developed by Dr. Starbuck at the University of Missouri, the
gravel bed system was slgned to heein bare root treesand promote the development of fibrous roots.
This system tmbeen found to increase nutrient and water uptake and minitransplant shock

Research hashown that bare root treesan be held for three to six montlalowing for the successful
transplanting obare root treeghroughout the year (Starbuck 2000). For more information on this
system and specifications on how to install arliekhere.


http://www.mntreesource.com/uploads/2/0/7/0/20706756/all_you_need_to_know_about_community_gravel_beds_2013_edition.pdf
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Chapter 6 - Tree Installation

Postplanting stress, also call&dnsplant shockcan last up to five years, dependingpooductiontype,
tree sizeandspecies and site conditions.€lTbbjective oSite preparation (Chaptet), timing of planting
andproper plantingis to minimizgostplantingstress and increase the rate of trestablishment

Timing is critical taninimizepostplanting stress antb maximizdree survivalTree roots typically begin
growing vhen soil temperatures rise above 7G{rowbridge and Bassuk 2Q0Because successful tree
edablishmentis dependent on roots growing into the new soil environment, timing planting around
optimum temperatures is important. Decisions of when to plant trees should be based on weather
conditions local to the site. Additional aftercare may be required if &neeplanted during less
favourable times (e.g. too late in tFall when temperaturesre below 50).

Action Items
1 Determine if minimal corrective pruning is needed.

1 Refer to Field Sheet 2 soil drainage results to determine root flare position and identif,
soil modification is required to improve drainage.

1 Determine planting hole depth and root flare position.
1 Determine planting hole width.

1 Determine proper tree pcement

Corrective pruning at p|anl:ing

A significant amount of research has garte the benefits of structural pruning of trees particularly the

role it can play in shaping tree architecturi@acreasng structural integrity and health and minirnmg the
risksposed bytrees (Miesbauer et al. 2014 or more informabn on structural pruning clidlere. At the

time of planting, trees should have been pruned according to structural pruning principles so only minor
corrections bould be made on then-site. Cuts ordamaged branches anterfering branchesare

appropriate, as are cuts aggressive upright branches that may compete with the leader (Figure 1

When pruning trees,ae only clean, sharp tools. Most trees can be tipped over to prune before planting


https://www.urbantree.org/Structuralpruning.shtml
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Co-dominant leaders forming

Broken

prune
here

Sl

Figurel0 Examples of appropriate pruning cuts to makelatingare outlined in the illustration
on trees already possessing vattlictured crowns. Image from USDA, 2008.

Planting Hole Depth

Research has shown thile correct depth at planting is veipnportant for tree suriwval. For instance, if
trees are plantedoo high it can lead to sunscald and cold damage on the expoetshank Trees hat

are planted too deepligave no visiblérunk taperas theroot flareis buried below the soil surface
(Watson and Hewitt 201 Rathjens et al. 2007/peep planting is a problem for tree establishment and
some species are particularly s¢insito being planted too ded&p(Berrang et all985). Trees planted

too deepgy can sometimes experience morestgirdling rootgGilman et al. 201Wells et al. 2006dnd
maybecome oxygen deprived, botlntributingto tree failure (Arnold et al. 200Bryan et al. 2011). In
contrast, trees planted too shallbycan dry out quickly and become less stable during wind events
(Bryan ¢al. 2011 Gilman et al. 2015). Root systems may bdsmome exposed through erosion and frost
heaving Therefore, digging theorrectdepth of planting is very important for trees in the landscape.

To determine how deep to dig the planting hoiestfliocatethe root flare onthe tree and removéehe
excess soil or substrateveringit. Forcontainergrowntrees, remove loose substrate from the bottom
of the root ball.The height from the top of the root flare to the bottom of the root ball should be
measured. Use this measurement, along with drainage test results, to determine the caméonggiole
depth. For weHldrained soil, it isecommended to plant the tree with its root flare at soil grade or no
more than5 cmabove gradelnpoorly-drainedsoil, the planting hole should be dsigallowerthan the
measured root ball height (WatsondaHimelick 2013). It is recommendéglanting in poorhdrained
soil where drainage correction is impractical or impossiblegtect floodtolerant species anglant the
tree with its root flare 7.5 to 10 cm above the soil grade (CLS 205&uatons where poor drainage is
severe, it may be appropriate not to plant tre8sil should be undisturbed at the base of the planting
hole to prevent soil settling after plantinifthe hole was dug too delgpadd soil and firm.



43

p|an|:ing Hole Width

In welldrained soils, the planting hole
width should be two to three times the
diameter of the root ball for all stock
types (Watson and Himelick 2013).
Widening the planting hole produces a
hole with a greater volume of loose
cultivated soil that allows for rapid root
growth. Width is the only recommended
way to increase the planting hole volum
Research has shown thates benefit
from wider planting holes (Watson et al

1992, Arnold and Welsh 1995) because % - @?ﬁ

roots gain access to a greater volume oFigurel9 A wide sauceshaped planting hofevo to threetimes the width
of theroot ball at the soil surface. Source: Glen Lumis.

loosened soil.

In natural environments, most of the tree
root growth is in the top 50 cm of sail
where oxygen and mineral nutrients are
more realily available (Hirons and
Thomas 2018). In urban environments, |
is common to find impenetrabkil

layers mar the surface due to
construction compaction and buried
debris which can result in shallower root

systems compared to natural settings Figure20 Digging a sauceshaped planting hole with inwastbping sides
(Day et al. 20104 broadly provides increasespace for pots to grow closer to the soil surfagkere

recommended practice based on Watscoxygen and nutrients are in the greatest abundance. lllustragi@ean

et al. (1992)s to dig a holéwo to three

times the diameter of the rodiall (three times ipoorly-drainedsoils) with inward sloping sides (Figure

19). This holewill bewider on the top and narrower on the bottoror saucesshaped(Figure B). Digging

the planting hole with inward sloping sides lessens the amounts of soil that needs to be dug deeper down
the soailprofile but still provides additional loosened soil closer to the surface (Watson and Himelick

2013). Wide planting holes with sloping sides have been found to improve tree establipantientarly

in finertextured soilgWatn et al. 1992Arnold and Welsh 1995).

Planting Hole Modifications RoorlydrainedSoil

In poorly-drainedsoils(Field Shee?, < 10 cm/hour)dig the planting hole as recommended above. Soil
should be broken up and loosened arotihe perimeter of theplanting hole (30 to 60 cm outward)
using either a shovel or machinery (e.g. backhoe busiesoilinglade, spading implement or chisel
plow). Decompaction around the planting hole perimeter should be as deep as possible without
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exceeding the root ball deptEnsuring that the soil is permeable in and around the upper portion of the
planting hole will bnefit root growth and establishment. Every effort should be taken to glaxihgof

the planting hole surfaces during excavatiBren a welprepared planting hole cannot counteract

severe drainage problems, in which casargdr scale planting bed/soil restoratiapproachor imported
substrate may be needed.

Tree Placement

During planting,reesshouldbe held upright in the centre of the holeoiBe largediameter, straight

roots should be close to the firgladeso they arepositioned to explore loose cultivated g@ibutts et

al. 1990 Gilman and Wiese 201All bud unionshould be visible abovke final soilgrade.Treesmay

be positioned in th@lantinghole using the samerientation as they grew in the nursery to keep light
levels orthe young bark consistenBome nurseries mark their trees and will know the orientation of the
mark from the fieldLittle research substantiates the importance of trunk orientation at jpignt

Trees with a Soil Ball

For trees with a soil ball, back fill excavated saibtmutone-half of the root ball heightAl tying

materials such as rope, twine and burlap should be removed from theanahiop of the root ball at
this point Synttetic burlap and twine have been found to decompose slowly and some are treated to
prevent decompositio(Kuhns 1997)Therefore, removingyntheticties is essential to prevent
constriction to the tree trunk. Farroot ball inawire basketit is appropriate taemove the top
horizontal wie and the attached loog&umis 1990)However, @ not remove more than the upper third
of the wire baskeas research has demonstrated that full and partial removal of packaging materials
increases treenstability after planting (Koeser et al. 2015). Furtiare, a nineyear study b¥leinet al.
(2019) supports past research findings by Lumis and Struger (1988) as resefmghénso ill effect on
tree growth (above or below ground) when the wire baskel packaging materials are left on at
transplanting If the tree is in a low profile wire basket where the top horizontal wire is 10 to 15 cm
below the shoulder of the ball, removing the loops may be sufficiahaird removehe wire rather

than bendngit back around the side of the root ball.

Containergrown Trees

For containelgrowntrees, all containers must be removed before plantitghis point, the root ball
should be examined and misdirected structural roots should be pruned at the pdeftextion,

including any potential stemgirdling roots. If the root ball is contaiAeound, shave the outside of the

root ball (up to 5 cm) with a sharp shovel or arboriculture saw. Any substrate at the bottom of the root
ball that does not contain ré® should be removedare should be taken if the tree has been potted
recently to ensure that the root mass will retain its shape and not collapse.

Bare Root Trees
Bare roottreeswill need careful attention during plantingareroot tree roots mayequire some
pruning. Damaged, misdirected circling roots that may become girdling roots should be removed. The
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ends of roots that have been damaged or dried out can be pruned back to healthySmsael out all
roots radialy from the trunk in the prepared hole, ensuring that roots are directed away from the trunk.
Roots of bare root trees should fit in the planting hole without bending.

Finishing Installation

Panting holebackfill typicallyshould not be amendeand consst only of the excavated solResearch on
this topic indicates that amendirtige planting holdackfillwith organic amendmerdoes not improve
root development or tree growth and can be detrimental to tree performance ani/al(iwatson and
Himelick 2013Schulte and Whitcom1975,McGrath and Henry 2018j.the soil quality is determined to
be poor based onompletion of Field Sheétq SoilAssessment, thea preference shoulde given to
usingplanting beds or imported manufactured soil (discussed in Chépter

The following instructions generally apply
finishing planting for all production types.
Backfill in layerdightly tampand waterto
eliminate air pockets each layer. void
injuring the roots or root ball or disturbing
the position of thdree. When trees are
planted above grade, create a gradual slo
of backfilled soil from the top of the root
ball extending out to at least the outer edg
of the planting holeBuild a

10 cm high berm of soil extending 15 to
20 cm around the periphery tie root ball.
The berm soil should be firmed and is  Figurel1 Asd t 6 SNX¥Z |t Atewel®fchadIRR
intended to keep water from flowing away precipitation and_ irrigation water within the root ball of the tree.
during irrigationFigure 2). Whenthe SourceGlenLumis.

berm is in placghoroughlywater the root ball withint. Lastly, remove all plant identification tags,
ribbons and anyrunk protection or packaging material from the nursery.

Chemical and Bio|ogica| Additives

Chemical and biological additives are compounds or products that can be added at planting to help
support tree growth by improving nutrient availability (e.dtilfeers) or resource agiisition

(e.g. biostimulants)The most effective way to support tree establishment ensuresoil conditiongare
suitable fo fine root development and thdgvels of soil compacticare not limiting to root growth. If
theserequirements are methen nutrientstypicallywill not be liniting (Hirons and Thomas 2018).
Additives can be costly therefgiieis important to first understand and address soil properties at the site
which may be limiting for growth before tryingaiddress specific deficiencidissoils are very compacted
then addingchemicabr biologicabdditivesmay prove ineffective over the short and

longterm.
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ChemicaAdditives

Chemicabmendmentsare inorganic fertilizers and compounds developeadjostnutrient levels and/or
soil pH. Mtrient levelsand soil pHan be determined from soisting (See Field Shekg Soil
Assessmentisenerally, survivaind growth after planting have not been found to be improved through
the use of chemical fertilizeduring theestablishment phasefter planting (Watson and Himelick 2013).
If it is determined that certainutrientsare needed (e.g. due to deficiencies), refer to reliable resources
for information on fertilizer typesates, timing and techniques for applicati@ng. Lilly 2010)f using
inorganic fertilizer, apply it in a sleelease form and avoid fertilizer with a high salt index (preferably
below 50) (LY 2010). Organic fertilizers can tsed as a slowelease productit is difficult tolower soil
pH, requiringepeated treatmentsAone-time application will offeonlytemporary reductionsThisfact

is particularly important in southern Ontario where many soils tend to have a high gl$béed their
limestone base. Additionally, urban soils tend to have elevated pH due to leachingfcetebased
infrastructure.

BiologicaAdditives

Biological additives are products that supply condensed organic compounds and/or beneficial
microorganisms to influence soil biology and chemiddgth the esearchand professional communities
show an interest in the benefit of using biologadditivesor biostimulants duringransplanting.

Biostimulants are divers@mpound formulations and microorganisms that, when applied to plants and
soil, are marketed as improving plant vigour, yield and tolerance to biotic and abiotic stresses.
Commercial products are comprised of different communities of microorganisms igdbadieria,

fungi, protozoa and nematodes. The use of biostimulants during tree planting has been increasing, as a
greater understanding is emerging on the critical role soil microorganisms play in plant health and soil
function.

The use ofmycorrhizal fungias been the primary focus of biostimulants for tree plantifysorrhizal

fungi form symbiotic relationships with the roots of vascular plants. Mycorrhizal fungi receive sugars and
other compounds fronplants in return fowater and nutrient§oraged bythe fungi. Mycorrhizae are
foundonover8percen2 ¥ (G KS ¢2NI RQa @Ol a0dzt F NJ LX Fydas AyOf dzR)
2018). The net benefit to the tree is influencegdtbhe interactions bateen the fungithe species ofree

and the microbial communitiggesent in thehizospherevhich, in combination, will influence nutrient
availability(Prescott and Grayston 2013irons and Thomas 2018). Due to these cemptlationships,

the benefits of commercial mycorrhizal inoculants are not @aar'WWhen inoculants have been used on
urban trees during planting, the growth ratef trees have generally not been improved (Morrison et al
1993 Martin and Stutz 19945Iman 2001 Ferrini and Nicese 200&ppleton et al. 2003Abbey and

Rathier 2005Corkidi et al. 200Broschat and Elliot 200®/iseman and Wells 2009). New products
comprised of a consortium of mycorrhizal species may increase the likelihood thatcienm will be
compatible with the target trees (Hirons and Thomas 2018). A mycorrhizae product that is comprised of
20 endo and ectomycorrhizal species was found to mitigate water stress of newly transplaned
occidentalisSmaragd' (emerald pyramidsedar) andicer rubrumBrand/wine' (Brandywine red maple
(Dixon et al. 2015).
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Compost teasanenhancethe functioning okoil biology, as they contain populations of bacteria, fungi,
protozoa and nematodewhich are multiplied by aerating water swdated with compost. Compost teas
also contain low concentrations of gble nutrients that may act dsostimulans (Watson et al. 2014).
However, there is a lack of research findings supporting the use of compost teas as a replacement for
fertilization (Scharenbroch et al. 2011)th@r organicamendments such as compost and mulch have
resulted incomparativelygreater tree growth (Scharenbroch and Watson 2014). Other products like
humatesand plant extracts hawasobeen tested but little benefit faree establishment has been found
(Watson et al. 2014). Generally, healthy soils will sugldeetse and robust soil biological communities
and will result in natural recruitment sbil biot (Watson et al. 2014).
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Chapter 7 - Stabilization, Trunk Protection,
Mu|c|1ing and |rriga|:ion

Tree Stabilization

Action Items

Determine if tree stabilization will be required after planting.fetors that would support
the use of stabilizatiomclude:

1 Small root systems that will not support the movement of the tree.
1 Very windy planting sites.

1 Risk of unprotected trees being vandalized, uprooted or damaged by vehicles and
equipment.

If stabilization is required, determine which method is appropriate:

9 Staking; deciduous trees with ealiperless than 100 mm or evergreens less than 300
in height

CJ

1 Guyingg deciduous trees with a caliper greater than 100 mrevargreens greater than
300 cm in height

1 Root ball anchoringcan be used as an alternative to staking or guyingoiatainer
growntrees and trees with a soil ball.

Commonlycitedreasondor stabilizing newly planteddes includehelping root systems develop in a
new soil environmenpreventing topplindecauseof windand prevention of vandalis(Alvey et al.

2009 Appleton et al. 200&ckstein and Gilman 20datch 1987). In some instanchewever trees

may not need to be stabilized (Gilman and Sadowski 2007). A review of the literature on this topic by
Appleton et al. (2008) found that stabilization should only be undertaken when necessary, not as a
default practice. Tree stabilization can be oeéntal to tree growth. Decreased caliper anahk taper
increased tree height, asymmetrical trunk growth and reduced root growth have been obsbered
improper stabilization practices have been used, especially whehzsitidon measures were left in place
too long(Harris 1969Burton and Smith 1972Vrigley and Smith 197&llyard 1984Schuch and Kelly
2004).If the subsoiland backfill are stable and can hold the root ball in ptaea in igh winds then
stabilization may not be needed.

However in manycircumstancegransplantedrees will need suppodue to the fact that root systems
need time to grow into the landscape sdiherefore, when warrantechd immediately following
planting, trees should be stabilized using4damaging methods, allowing free movement for trunk taper
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andcrowndevelopment. The three most common techniques for stabilizing trees are staking, guying and
root ball anchoring (Labrosse et al. 2011). After planting, systems that allow for the greatest trunk
movement will result in the development of trees with significantly more taper (Svihra et al. 1999).
Stabilization should ensure that normal forces sucviad and snow loading do not move the root ball in
the backfill. Most stabilization should be removed between 12 and 14 monthsnatadhation. In

instances where stabilization remains in place for a longer period of time due to special considerations,
trees should be checked regularly to ensure that materials are not interfering with normal tree growth.

Staking

Staking is the use of one or more wood or ahstakes driven into the soil next to the root ball. The most
commonly used stakeare 5 x 5 cm or 5 caiameterround wooden stakess well as steelltar stakes

One to threestakescan be usedor deciduas trees up to 10 mm in caliper and coniferotrees up to

300 cm in height. Stakes must be set in undisturbed soil (outside the root ball), deep enough that they
will not mowe when subjected to windf using the twestake system, it is critical that stakes are driven
into the ground to a sufficiemtepth to ensure stability (Eckstein and Gilman 2008). Research has found
that three stakes provide better support and should be considered awsttestrong winds

(Alvey et al. 2009).

The first stakahould be setipwind fromthe prevailing wid direcfon. If using two stakes, the second
stake should be omsite the first stakelf using three stakes, the first stake should be set upwind from
the prevailing wind, with the remaining two stakesatetqual distances around the planting hole. Stakes
shoutl beattached to the tree witlbroad, smoothflexible ties (biodegradable materiapigferred

e.g. folded denim or coco rope) that allow trunk movement but stabilize the root ball.

Very few studies have specifically evaluated the effett attachmentheight on staked trees. A study

by Leiser and Kemper (196R8)ggest a maximum point of attachment of twthirds the height of the

tree. This was based on modelling that predicted that trees can withstand greater physical force (e.g.
wind) f more of the trunk is allowed free movement. When a tie is attached too high on a tree, and force
is applied over a shortened length of the st@ns more likely that the tree will breaResearch has

shown that holding the trunk firmly at the base o€ trown or higher, results in a reduced diameter
growth at the base of the tre€atch and Hodge 201Z}urrent best practice recommends stakasgow

as is effective for stabilizing the root ball and positioning ties well below the first set of bran¢hes

trunk onlimbed-up deciduous trees (Appleton et al. 2008drder to increase tree stability and trunk
growth. When staking is required on coniferous trees (less than 300 cm in height) and deciduous trees
with branches close to the ground (les® X0m caliper), attach ties as low as is effective for stabilizing
the root ball. Tieshould be sadred to the stakes and placed the tree such that they will not slide

down or otherwise be displaced.

Guying

Guying involves using three guy wires spacpahlly around a tree anchored to the ground at an angle.
The first anchor should be placed upwind from the prevailing witgng is recommended for

deciduous trees greater than @@nm in caliper and coniferous trees taller than 300 cm. Fphoad

guying systems have been found to provide effective support when stabilizing newly transplanted trees
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(Alvey et al. 20Q%¥ckstein and Gilman 20@8ilman et al. 2016). It has also been found that guying
systems produaktaller trees with smaller trunk diameters one year after landscape plantingacechp

to both root ball anchoringnd using no stabilization techniques (Gilman et al. 2016). A careful use of
guying is adviseid order to avoichegativelyinfluencingthe growth of trunk caliper.

Anchors for guy wires must be set below or flush with the soil surface so that they do not present a
tripping hazard. Guy wires must be marked with flagging tape for visibility. Tree ties used to secure guy
wires should be of a matal that will not damage the bark (biodegradable is preferred), be at least

2.5 cm wide and remain soft and pliable in all weather conditidrey should be attached above the first
set of branches on limbeap deciduous treed here is no research opexific attachment heights for
conifers It is commonly recommended to attach ties as low as is effective for stabilizing the root ball and
at a branch intersection to prevent them from sliding dokinally, trees should be permitted a

reasonable degreefanovement under normal forces such as wind without causing damage.

Root &ll Anchoring

Aboveground root ball anchoringjften
called strapping, is a method that involves
driving wooden stakdato the ground
outside the root ball (Eckstein and Gilman
2008).The stakes arthenfastened to
horizontal strapge.g. wood or fabricgcross
the top of the root ballWhen installed, two
horizontal straps hold the root ball in place
on oppodie sidesof the trunk (Figure 2.
Belowground stakes should be driverian
the soil so the horizontal straps rest firmly @
the root ball. To minimize tripping hazards Figurel2 Root ball anchoring uses a ystem of four wooden stake
apply a wide ring ahulcharound trees. two pieces of horizontal strapping, preferably biodegradable. Soul
Root ball anchoring has befaund to Dr. EdwardGilman

provide greater trunk movement in wind

compared to staking, whikdill effectively stabilizing the root ball (Eckstein and Gilman,2Zl08y et al.
2009).This method ensurakere isno risk of trunk damage aridallows for free movement ahe
crown.Root ball anchoring is suitable for soil ball or contagmewn trees.
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Trunk Protection

Action Items

Assess the site and determine if trunk protection (e.g. tree guards or wraps) is required
Senarios in which trees may require protectinalude:

9 Line trimmers and/or mowers will be usedsite.
1 Rodent, rabbit or deer damage is likely (e.g-mmwed sites, near natural areas, etc.)

1 Thinbarked (juvenile) and sensitive bark species are planted that are vulnerable to
sunscald

Plastic guards can lused to protect the base of traeunksagainst equipment, animals (e.g. stem

girdling) and, to a lesser degree, sunscald. Tree guards are essential for plantings where line trimmers are
used andor sites where rodents and/or rabbits are presdmee guards should be flush to the soll

surface to protect the base of the trunk. Most importantly, the guards should not constrict the trunk and

be fit loosely to prevent moisture buildup and facilitateflow. Guards must be removed once the tree
becomes establishe@ther tree protection options include deer and rabbit repellent sprays, and in areas

of high deer populations, fencing around trees should be considered.

Sunscald and frost crackan becommon, particularly on thiror smoothbarked species. In the winter,

trunk tissuescan swell in direct sunlight atigen quickly shrinks cold temperatures returmesulting in

injury to the cambium and bark splitting. Wrappingosietimesecommendeddr species with a thin,
smooth bark (e.gCarpinusFagusPlatanusetc.).If used, he besttypes ofwraps are light in colour and
biodegradable. Trunks should be wrapped starting from the bottom to the top so that layers overlap and
shed waterResearcthas cautioned against the use of wraps due to persistent issues with excess
moisture retention, insect damage and trunk constriction if fellpanspections are not regular enough.
The useof trunk wraps is therefore only cautiously recommended for epdighly susceptible to

sunscald, should be used only in the winter and must be loosened to prevent constriction of the trunk
(Watson and Himelick 203

Mulching

Action Items
Determine the type of mulch product that will be used:

1 Organic mulclg productscomposed of plant residues that will slowly decompose over
time.

1 Inorganic mulch (rock and landscape fabric).

Apply at an appropriate depth (5 to 10 cm) and distance away from the tree (not touchin
bark).
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Allmulchproducts should be free of invasive and noxious weed seeds, soil, salts and other harmful
chemicalsEither organic or inorganic mulches can be used for weed suppression, moisture retention and
maintaining elevated soil temperatures

during the winter months. Inorganic Plant resource competition

mulches include rocks of varying sjze
shapesand colous and landscape fabric
howeve, they will not improve soil
guality. Crushed limestone should not b
used as it can become compacted and
create a barrier to water and air
infiltration. Landscape fabrics should ng
inhibit the infiltration of water but
should reduce the establishment of
weeds.Impermeable pastic materials
should be avoided. Organic mulches ca
include a wide variety of materials, suc
as bark, wood chips, straw and coir pith N
(e.g. cocediscs). Compared to inorganic Plaﬁ;;Pe{fg@%{
mulches, they have been found to resul ——— alhe
in improved plat performane through

Plant Disease

. ORGANIC MULCH -+
enhanced water conservation aaglow (5-10 cm DEPTH)

release of nutrientand other benefits

(ChalketScott 2007)Figure 23)Most
landscape tree roots do not grow well Figurel3 The potential benefits of applying organic mulch to the root z

in turf grassResearch has shown _of atree at the recqmmended depth o_f 510 10 cm. '_I'he_segments repr
. increases or reductisiof each factor with mulch application. Dashes
increased root growtlwhengrass indicate general trends, not necessarigar relationships.

underneathtreesis removed. Growth Source: Hirons and Percival (2012
further enhanced witlthe addition of
organic mulch (Watson and Himelick 2013).

After planting and finishing grading, organic mulch can be apphedmlchapplication depth is
recommended to be approximately 5 to &t after settling and applied at leag dm away from the
base of tree trunk$ avoid moisture accumulatioMulch rings should be at least 100 cm in diameter,
but the largerthe mulched areathe better. Depending on the rate of mulch bredéwn, planings
shouldbe checked annuallyp maintain a total mulch depth &fto 10cm.

Rock mulch should be spread evenly, avoiding contact with the trunk and placed on top of landscape
fabric. Landscape fabric should be applied prior to planting by layingdeérithe planting area and
cutting openings allowing for tree planting. After plantargy exposed landscape fabric should be evenly
covered by either rocks or a coarse organic mulch to prevent weed seed germination. In the first few
months following plating, when root spread is limited to under the mulched area, light rainfall may not
adequately infiltrate the soil to support root growth. Increasing the amount of irrigation or delaying
application of mulch may be necessary in such cases.
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The benefits dproperly appliednulch are weldocumented for trees and research efforts have focused
on organic mulch due to its wigtanging advantages over inorganic muf@hganic mulch can increase
growth andestablishmensucces®f newly planted trees (Arnold and McDonald 2@8&ggeret al 2008
Ferriniet al, 2008 Percivakt al, 2009 Ni et al. 2016). Organic mulch also improves soil properties
including replenishment of organic matter and nutrients to the soil (Scharenbroch and Watson 2014).
Benefits to newly planted trees come from increased moisture availability and reduced
evapotranspiratiorirom the soil surface (Maggard et al. 2012). Orgamilch can be especially beneficial
in cooler climates. Watson et al. (2014) demonstrated that organic mulch resultecigirsgi°C

warmer in the winte compared to normulched soil. Additionally, organic mulch has been found to
reduce salt and pesticide contamination and the effects of salt toxicity on plant growth (Landis 1988).
When applied correctlyrganic mulch offers many befiis. Be aware thaf it is applied too deeply or if

its particle size is too small (e.g. sawdust), it can become a barrier to water infiltration and can reduce the
amount of moisture and oxygen reaching the root ball (Gilman and Graboskyg@dldet al 2005.

Woatering and Irrigation

Action Items
1 Create a plan for watering newly planted trees.

91 Determinethe irrigation quantity and frequency based on site considerations and cort
specifications.

i1 Consider the sources of irrigation water and potential impacts aingksoluble salts on
irrigation water.

It is strongly recommended that all new plantings be irrigaftmt transplantingProper care until the
tree is established is essential for successful tree plaatidgvarrants a separate reference guide.
However, it is worth noting that the irrigation timing and frequency in the-fpassplant phase are
critical.

At some planting sitethe irrigation infrastructure may already be installed, which should bedsresi
when creating an irrigation plan. Additionally, if there is a maintenance contract, ipetify
particular method thaheeds to be followed.

Quantityand Timing of Watering
Due to the loss of roots prior to transplantivigoare roottrees and trees with a soil bathore frequent
access to water than is supplied by precipitation atoag be requiredNewly planted trees should be
irrigated to some extent between one and five years (dependingeesize stock ty, etc.) during the
establishment phasé@rees will experience greater water stress if@lrtie following scenarios appiy
the planting site:

9 Limited soil volumé@imited water storage volume and limited catchment opportunity)

9 Poor quality soils (especially in soils with less thaar Sentorganic matter)

1 Sites with high heat loads.§.reflected heat)
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91 During periods of drought or low rainfall amoyrmtsif rainfall interception is inteupted by
pavement or other less permealdarfaces
9 If tree roots are in competition with turf for resources

The type ohurserytreesplanted and the species selected will help to dictate the irrigation strategy
required for newly planted tree®roughtsensitive trees should also be monitored and watered during
periods of drought even when mature. In areas whieessoil quality is poor (i.e. highly compacted
and/or low soil organic matter), it is importantdesign an irrigation schedule.

Research has demonstrated that recently transplanted trees establish quickest with frequent irrigation
especially when ensuringater is applied directly to the roball Beesorand Gilman 1992, Gilman et al.
199, Gilman et al. 199@5ilman 200} The vateringfrequencydependson weather conditions ansbil
drainage Sils that drain quickly require more water than those thatrdsdowly For these reasons, it is
very challenging to provide generalized irrigation recommendagiotis thoroughunderstanding of th
environmental site conditioris required in addition to makingformed choices regarding piaction

type andspecies

With respect to the quantity of water to applhetsize of the tree can be used to roughly estimate how
much water to apply during irrigatioRoughly4 litres pnegallon) per 25 mm (inch)f trunk diameter is
appropriatefor newly planted tres in climates similar to Ontal@.g. extension information from the
University of Minnesota can be fouhdre).

The choice of irrigation dedity method needs to be considered based on cost, site gasesll as
determining the best way to deliver water to thetdall of establishing tree$here are many different
delivery optionghat exist,including (but not limited to): sprinklers, ags, micro/mini emitters or
bubblers, subsurface drip (below the mulch), water walls, water rings or bags, subsurface storage or
water trenchesWaterdelivered inanadequate volume to the root zone, rather than targetimdy the
surface soil layetis critical to tree establishmerfor a thorough explanation of irrigation delivery
methods, technigues and tools for urban tredickhere.

Water Quality

The quality of irrigation water used is importahithough it may not be possible to test irrigation water
before planting, if nutrient deficiencies or other signs of stress are obséneegi ality ofirrigation

water may be a contributing factorhe chemistry ofiiilgation water can influenceutrient and water
availability to tree rootdnfluenceroot growth and therefore, tree healtithepH ofirrigation water
shouldideallybe between 6.0 and.5becauseH can affecthe availability of dissolved nutrienfislirons
and Thomas 2018). In magsoundwater sources of irrigation waterdauthernOntario,the high
amounts of bicarbonates (Hgdrom underlying limestone makeater sources more alkaline.
Solublesalts in irrigation wter can also affect plant growth. The amount of saltsaofbe assessed by
measuringelectrical conductivityfEChecause it measures the amount of dissolved ions in the witgn
electrical conductivityalues in irrigation water can interfere withabfunction. A value of 8.2 S/mis
acceptable for the irrigation water of tre@sirons and Thomas 2018). Checking EC during the growing
season is especially important if irrigation water is from a source \sbbrele salts collect (e.g. road
run-off into a storm water management pond).


http://hort.ifas.ufl.edu/pubs/abstracts/efg/efg9601.shtm
http://hort.ifas.ufl.edu/pubs/abstracts/efg/efg9601.shtm
http://hort.ifas.ufl.edu/pubs/abstracts/efg/efg9603.shtm
http://hort.ifas.ufl.edu/pubs/abstracts/efg/efg0101.shtm
https://extension.umn.edu/planting-and-growing-guides/watering-newly-planted-trees-and-shrubs
https://treenet.org/resources/water-management-strategies-for-urban-trees-in-an-uncertain-environment-geoff-connellan/
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Field Sheet 1- Environmental Site Assessment

O#

Materials

planting site before any soil sampling, site preparation or
planting takes place.

Contact Ontario One Call8D0-400-2255;
https://www.onlcall.com).

A Clipboard/note papeandpen
A Phone (camera)
A Tape measure

Hardiness Zone

To identify hardiness zomtickhere Zone:

Light Level

Estimating light levels will help to make infochepecies selectionk general, the shade tolerance of
tree species corresponds with three categories of sunlight levelsufilijht (6 hours direct) partial
shade(< 6 hours direadr > 6 hours filteredand full shad€< 6 hours filtered, very little direconsider
that any on-site structure can contribute to shading, including buildings and existing trees.

A Full sunlight Notes:
A Partial shade
A Full shade

All required locates must be requested and received for each


https://www.on1call.com/
http://www.planthardiness.gc.ca/
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Reflected Heat

Less than 5 m from hardscape surfagemultiple
directionsincreases drought stress during summer
months.

Utility Lines
Gonsiderecommended planting zones

1 Trees underneath utility wires shoudd small stature
trees and shrubs (e.g. maximum height of 3 m)

f 5to 8 m away from utility wiremediumsized trees
may be planted (e.g. maximum tree height of 8 m) | Atthe planting location, it is

1 8 m away from overhead wigtalkgrowing trees can | important to note both the above
be planted ground and belovground pace

available to a fulsized, mature tree.

Be|ow-grounc| Infrastructure _ _ _
Estimate the distance of the planting
Where possible, a & setback from existing pipes and location and record it below:

other infrastructure is recommended.

Sidewalks and Roads

If closer than 3 nroots may disrupt infrastructure.

Utility lines ______

Buildings _____

Belowground infrastructure ____
De-icing Salt Road

Less than 5 m to roadways, entits and sidewalks tends | Sidewalk
to increasdree mortality. Other factors to consider are
topography and wind direction.

Wind

Large structures can protect trees from wardncrease wind speed by creating wind tunnels.

A Protected Notes:
A Not protected €.g.open field)
A Wind tunnel

Next Steps

1) Refer back to Chapter 1 to help interpret your results.
2) Proceed to Field Sheet 2.


https://mono.civicweb.net/document/20053
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Field Sheet 2 - Soil Assessment

It is important to gain an understanding of the variability of soil conditions, as thdiffeanignificantly,
even withinsmall sites. Therefore, establishing multiple representative sampling locations is
recommended fodetermining soil quality

Materials
A Clipboard/note papeandpen A Water sourceand bucket/hose
A Phone (camera) A Plastic sandwich bags
A Tape measure A Permanent marker
A Shovekoil auger A Wire probe (description below)

Conducting a Drainage Test

1) Assess tpography to understand drainage patternssite.

2) Dig hole(s) 30 cm deep where you want to assess drainage.

3) Fill the hole with water to thoroughly wet surrounding soil and let drain. Repeat twice.

4) Fill the entire hole with water and measure the wdteight. Wait 15 minutes and measure the
change in water height.

5) Multiply the change in water height by fourdet the rate of drainage per hour and check the
approptiate boxbelow.

A Poor drainage less than 10 cm/hour Notes:
A Moderate drainage 10to 20 cm/hour
A Excessive drainagemore than 20 cm/hour

Conducting a Soil Compaction Test

Take &40 to 50 cm length dfightensile wire (approximately mm orl0 gaugee.g. fence wire). Use
about 10 cm to make a looped handighen thesoil is neither very wet nor very doyobe thesoilwith
the wireat multiple locations on the site, using the following steps:

1) Hold the wire by the loop.
2) Attempt to push the wire into the soil. Do not force the vgnese only slight pressure.
3) Recod the depth of penetration at each sampling location.

A Severe; wire probe will not penetrate beyond 10 cm
A Moderatec wire probe will penetrate soil with difficulty between 10 and 30 cm
A Acceptablec wire probe will penetrate soil easily to 30 cm and below

Notes:
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Collecting Soils for Laboratory Analysis

On large sites and/or if changes in topography, vegetation or drainage are evident, break the site up into
sections lased on these characteristi€ollect multipé samples within each sectiddamples should be
labelled to indicate their collection aresthin the site.

On small sites and/or where sites appear uniform, collect multiple samples from the) anes( likey to
be planted Collect samples using a soil auger or shovel to a depth of 30 cm. One cup of soil per sample is
usually required for most analyseClickerefor a list of accredited soil testing laboratories in Ontario.

Soil Texture

Soil texturenfluences drainage and usually canno 100
be significantly altered. Therefore, texture and
drainage should be considered during species
selecton.

The two mairmethods for assessing texture incluc
a fieldbased methoghand texturingrequires
practice for calibrationand lalmratory methods
(e.g. thehydrometer methog, which provide
accurate assessments of textulasses.

20

If you are noexperienced with the hand texturing 1o
method,collect soils and submit to a [adatoryfor

analysis. % B B B B B B B B B
percent sand
‘+——

Identify thesoil texture grouping at the site using the texture triangle figure (courtesy of th
Cornell Soil Health Laboratory).

A Fine Notes:
A Medium (loam or silt loam)

A Coarse



http://www.omafra.gov.on.ca/english/crops/resource/soillabs.htm
https://uknowledge.uky.edu/cgi/viewcontent.cgi?article=1139&context=anr_reports
https://www.researchgate.net/file.PostFileLoader.html?id=54520cdcd039b15c7a8b4673&assetKey=AS%3A273630288646180%401442249953668
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Organic Matter

Common labratoryanalysis packages inclusigil organic matterA minimum of Jer centorganic
matter isrecommendedor supporting trees during establishment.

A Less than 5% Notes:

A Between 5 and 10%
A Greater than 10%

pH
Nutrient availability is influenced by soil pH. Many tree species selection cesaise pH to provide

recommendations.
Soil pH is

Soil Volume

Estimate the useable soil volume per tree _m?. For further reading and resources clieke

Next Steps

1) Refer back to Chapt@ to help interpret your results.
2) Make your species selections using Chapter 3.
3) Proceed to Field Sheét


http://www.jamesurban.net/soil-volumes/
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Field Sheet 3 - Selecting Nursery Trees

Becoming educated about nursery production practices will help to make informed dealsioriree
quality.Where opportunities exist, attend seminars, participate in nursery tours anduriséry growers
to learn abait how quality trees are growimpartant production considerations include:

1 Choosing the appropriatgock type (e.g. bare root vs. containn)the planned maintenance
activities of the site (e.g. staking, irrigation and mulching)

1 Root management practicesed to promoteguality (eg. use ofir pruning containers, chemically
treated containers, root ball shaving before upsizingt pruning of fielejrown stock)

9 Trunk and branch structure and pruning practices

If possible, visit the nursery to inspect and tag desired trees bastxd dollowing aboveand below
ground qualities.

Materials

A Metal skewer or screwdriver
A Phone (camera)
A Clipboard/note paper and pen

Assessing Above-ground Quality

Ensure the size of trees roots, trunk and crown are balanced. Refer to the Canadian Nursery Stock
Standard for size requirementSgction 5 for coniferous trees and Section 7 for deciduous trees).

A Treespossess a central and ,
Dominant central

dominant leader where appropriate B t/ leader
A The main branches of tlegownare QY c

well-distributed along the trunk and ek ) [

undamaged distributed { | &5 4

A The branch angles are adequately crowh

wide to prevent future included bark
A The tree trunk is straight and vertic:
A The tunk scars from branch pruning o —
Graft union is closed and
areclosed or possess wétirmed healed
wound wood
A All graft unions are completely -

closed, healed and are visible abov

Root collar ~_
Y

the soil line Image adapted from USDA, 2008b.




Assessing Below-ground Quality
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Use the figure below to helssess trees for the following qualities:

A Uppermost lateral (structural) roots are near the surface

Visible trunk taper

Containergrown trees have few misdirected (@wting) structural roots

Bare root trees have at least three waitributed structural roots, with some fibrous
roots also present (i.e. ots less than 2 mm in diameter)

> P

Where theoot flare is not visible use stiff wire (e.
BBQ skewer) arscrew driver to gently probe the
soil to assess the depth of the top most structura
roots. Image from USDA, 2008.

Trunk taper
Root flare

Lateral roots near
the soil surface

lllustration courtesy of Keith Sacre, Barcham Trees, England.

Next Steps

1) Referto Chapter5 for more details ortree procurement
2) Proceed to Field Sheét
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Field Sheet 4 - Site Preparation

In addition to wherit isspecified in contract documentsite preparation igenerallirecommended in
the following situations

1 Soils areeverely ompacted (wire probe will igenetrate soil beyond 10 cm)
1 Soisaremoderatdy compactedwire probe will penetrate soil witttifficulty 10to 30 cm)
1 Soils havéess than Jer centorganic matterand trees will be planted into muttiee beds

Materials and Equipment

It is important to source the appropriate equipment for the job. Soil conditions of the sité, afept
belowgroundutilities andthe size ofthe job will help to inforndecisiors.

A Locates report A Surface deompaction equipment (e.g.
A Subsoiling equipmemtr backhoe rotary spadervibrating chisel plow,

A Organic amendments agricultural rototilling implement)

A Tracked equipment to move amendment

Subsoiling

Mechanical desompaction witrsubsoiling can be used on medium and laitgs where soils are
compacted at depths greater than 30 cm (and where locates allow féoitinore information on
equipment consult Chapter 4

Instructions

1) Fracture the subsoil in the direction of the
flow of water onrsite. Space rips
approximately 30 to 60 cm apart (pictured *
right).

2) Work backwards away from rips to avoid
driving on treated soil.

3) After subsoiling is completed, organic
amendment can be applied on the surface
of the soil and incorporated.
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Backhoe Turning

This method is effective for soils that are compacted at degitB8 cm and beloyand on smallto
mediumsized sites for deompacting subsoil and mixing organic amendment. For specifications of the
0F O1K2S YSGK2R Odzf ff BRyh#&2 A0t AR FAL S NBo

Instructions

1) Apply organic amendmeacross the
entire planting bed/trench.

2) Using an excavator, scoop up the soil af
lift it about 60 cm above the ground.

3) Tip the bucket and allow it to falRepeat
the process until clumps are smaller tha
a soccer ball.

4) Work backward#o avoid driving on e
treated soil. Sairce: Rachel Layman.

Surface De-compaction

When soils are only compacted in the top 3Q smface decompaction mape used. The egpment

can also incorporate organic amendmenrib bedstyle plantings (see the picture below). To determine

how much amendment is recommended for preparation of planting sites with no planned aftercare, click
here

Instructions

1) Spread the organic amendment

2) Backblade the amendmenttachieve a
relatively uniformapplication depth.

3) Make multiplepasses across the site with
the equipment to ensure the
incorporation depth reaches about 30 crj
If you are unsure about the mixing depth
dig a test pit to confirm

Next Steps

1) Refer to Chapter #or more details orsite preparation.
2) Proceed to Field Shegt


https://www.urbanforestry.frec.vt.edu/SRES/
http://www.greeningcanadianlandscape.ca/the-process/calculator
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Field Sheet 5 - Transport, On-site Handling and

Inspection

Carefulpreparation for the movement of trees is crititalensurethat tree quality is not compromised
during shipping or unloadingjrees should be inspected upon arrival and nursehieald benotified
immediately of rejected materiaRecord any rejections on official shipping documents

At the time of dalrery,root balk should be inspected for adequate moisture levels and if required, the
root balkshould be revetted. When trees cannot be planted within the required timefraima@sed on
stock type, see beloywproper care mudbe taken to ensure tree healts maintained during storage -on
site.

Materials
A Arecord of trees ordered A Tarps or bags to protect bare root trees
A Water sourceandhose A Equipment required to move large trees

Transportation and Handling

Proper trasportation and handling includiee following steps:

Trees are covered (e.g. tarps) or in closed vehicle during transport
Trees are handled carefully so soil balls remain intact

Trunks are protected during movement

Trees are not held by brancheshandled roughly

> > > P> >

Root system/root ball moisture is maintained at an adequate level
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On-site Tree Inspection

i

> P P P Pt P P

Upon deliveryand prior to the delivery truck leavirtgges should be inspected ftire
following

Trunk scars (from branch pruning) dndl unions are healed

Leaf size, colo and appearancare appropriateto time of year and stage of growth
No signs of prolonged moisture stress or ewatering (wilted or dead leaves)

No evidence of dead, diseasedseriously injured branches

Bud unions are visible above the soil line

Roots/root balls should be moist throughout

Root balls are undamaged

Bare root trees have at least three waitributed structural roots, with some fibrous

roots present (i.e. rootess than 2 mm in diameter)

D

Holding Container-grown and Field-grown Trees

Trees should be plardewithin 36 hours of delivery.

A

A
A
A

When planting is not possible and trees must be helditenfor an extended periodse the
following checklist to ensuteee health and quality are maintained.

Check soil moisture daily (and irrigate as required)
Trees are stored in a shady area
Check for misdirected roots in contairggown material

Check that roots of fielgrown trees are not growingto the ground
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|-|o|c|ing Bare Root Trees

Bare root trees should be covered and placed in the shade and planted as quickly as possible because
they do not have a soil ball or root ball packagingratect roots from drying outVhen bare root trees
need to be held ossite, the following instructions will help ensure tree health and quatgynaintained.

A Keep roots moist at all times

A If trees must be held esite for periods longer than 24 hours, trees shoultiéeled
into soil orconsider costructing a gravel bed to provide additibpeotection (refer
to Chapter Sor more information)

Next Steps

1) Refer to Chapter tor more details on transportation and handling.
2) Proceed to Field sheét
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Field Sheet 6 - Tree Installation

Materials
A Pruners A Shovels/equipment for digging
A Measuring tape A Soil drainage results

Corrective Pruning at Planting

Only minor correction cuts on damagelador interfering brancheshouldbe madeon-site before or
just after installationWhere cedominant leaders are apparent, remove the competing leddiss.only
cleanandsharp tools. Most trees can be tipped over to prune before planting. Pole pruners can be used

for taller trees.

Co-dominant leaders forming

Dead

Broken prune

here
prune
here

Planting Hole Depth

1) Locatetheroot flare onthe tree. Use a
stiff wire (e.g. BBQ skewer) or a
screwdriver to locate the topnost
structural roots.

2) Remove excess soil or substrate
covering the root flarandanyloose
substrate at the bottom of root balls of

containergrown trees The root flare should be within the top 5 cm of the soil surface.
Image from USDA, 2068
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3) Measure the height from the top of the root flare to the bottom of the root Balked on the soil
drainage results,djust the planting hole depth to properly position rélare during plantingising
the soil drainage results from Field Sheet 2.

‘ : . Root flare position ipoorly-drained soil
l{ LC_;T ,71 . O §

‘{ I Y(:\Jr . A 7.5to 10 cm above grade

7 A0 I~ w\\?& &\ 1. ,” Root flare position iwelldrained soil

A At gradeto 5 cm above grade
Image from USDA2RP0&.

Planting Hole Width

Dig a sauceshaped planting helwith inward sloping
sides Consult soil drainage results from Field sheet

to help guide planting hole width requirements. A Planting hole isvo to three timeshe
width of the root ball diameter at the
soil surface

Welldrained soil

Poorlydrainedsoil

A Planting hole ithree times thewidth
of the root ball diameter at the soil
surface

A Soil is loosened around the planting

lllustration ly Sean James. hole (30to 60 cm outwardising a

shovel or equipmentyithout

exceeding the root ball depth

Tree Placement

All trees should be placed on a firm, undisturbed soil base. If the hole is dug too deeply, add additional
soil and firm. Bud unions on all trees should be visible above grade.

Containefgrown trees

After removing the container, remove amysdirected structural rootand potentially stem

girdling roots Shave the outer edge of contaideyund root balls (up to 5 cm) with a sharg

shovel or arboriculture saw.

1) Backfill the bottom half of the planting halath previously excavated sdiichtly tamp
to eliminate air pockets.
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Trees with a soil ball

1) Backfill the bottorhalf of the holewith previously excavated soil. Lightly tamp to
eliminate air pockets.

2) For trees in a wire basket, remove the top horizontal wire and attached loops (no ni
than onethird of the upper part of the basket). If the tree is in a low profile basket
where the top horizontal wire is 16 15 cm below the shoulder of the ball, removing
the loops may be sufficient.

3) Remove and discard all twine and burlap from the top of the root ball.

Bare root trees

1) Prune any broken or misdirected roots and tiseread all roots out radially from the
trunk in the prepared hole, ensurititat root tips are directed away from the trunk ang
not bent.

2) Backfill the bottom onghird of the planting hole with previously exesed soil

3) Lightly tamp the backfilled soil to eliminate air pockets. Water the root zone.

4) If staking isequired confirm position of stake(s) during backfilling to augitging
structural roos.

Finishing Installation

1) Continue backfilling in layers using the previouslgveted soil. Lightly tamp to eliminat
air pockets and water each layer.

2) If the root ball is planted above grade, create a gradual slope of backfill soil from th¢
of the root ball extending out to at least the outer edge of the planting hole.

3) Build a10 cm high and5 to 20 cm wide rountbpped berm around the rodiall
periphery Tamp the berm.

4) Thoroughly water the soil and root ball.

5) Remove all plant identification tags, ribbons, trunk protection or packing from the
nursery.

Next Steps

1) Refer to Chapter 6 for more details on tree installation.
2) Proceed to Field She@ét
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Field Sheet 7 - Tree Stabilization

All stabilization supports should be removed between 12 and 14 months after installation except where
otherwise specified aiequired.Any method used should allow the movement ofd¢kmwvnin the wind,

while stabilizing the root ball. If stabilization is deemed necessary choose from the following options to
determine which method isostappropriate:

Staking or root ball anchoring Guying or root ball anchoring
A Deciduous trees with a caliper less A Deciduous trees with a caliper great
than 100 mm than 100 mm
A Conifers<300 cm in height A Conifers>300 cm in height

Staking Materials and Instructions

A Stakes (diameters and lengths appropriately sized for thedrgd x5 cm stakes)
A Smooth, broad>2.5 cm wide)pliable, biodegradable ti¢lded denim, coco rope)
A Sledge hammer

Installation Instructions

1) Place the first stakupwind from prevailing wind direction.

2) If using two stakes, place the second stake opposite the first stake.

3) If using three stakes, place remaining two stakes at equal distances apart.

4) Drive the stakes into undisturbed soil outside of the root ball stiatidles are secure.

5) Attach ties to the tree, still allowing for trunk movement.

6) Ties should be attached to the tree as low as is effective for stabilizing the root ball. Fq
limbedup trees, ties must be well below the first set of branches.

7) Ties shouldbe secured to the stake to prevent them from sliding down.

Guying Materials and Instructions

A Guy wiresanchorsand sledge hammer
A Smooth, broad (> 2.5 cm), pliable, biodegradable ¢igsfolded denim, coco rope)

A Flagging tape
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Instalbtion instructions For deciduous trees greater than 100 mnr

i ) in caliper or conifers greater than 300 cm
1) Place the first anchor upwind from the n calp gree
in height, use three guy lines per tree.

Brputiling il CllEEo: Three point guy anchoring position is
2) Place remaining two anchors at equal pictured below.
distances around the planting hole.
3) Drive the anchors into undisturbed soil
outside of the planting holendflush with
the ground. Anchors should be kept within

Attachmentsshould be on the trunk above
the first set of branches on limbed up
deciduous trees. For all types of trees,
place attachments as low as is effective f

the area of wherenulch will be applied to stabilizing the root ball and atanch
avoid creatingripping hazards. intersection so ties do nalide down the
4) Attachtiesfor guy wirego the trunk Guy trunk.

wires should allow for crown movement,
while effectively stabilizing the rootba
5) Hag guywires for visibility.

Position of guy wire anchors. lllustration by Sean Je

Root Ball Anchoring Materials and Instructions

A Four5 x 5cm untreated wood anchors A Wood screws
A Two untreated wood braces (cut to fit the A Sledge hammer
root ball)

Installation Instructions

1) Drive each anchor outside, but tightly agains
the root ball, on four corners until thep of
the anchors are flush with or slightly above t
top of the root ball.

2) Place wood braces horizontally so that their
ends fit on top or beside each pair of vertica

Root ball anchors should be installed after backilli\

anchors the planting hole. It is not recommended for bare rc
3) Secure braces using wood screws. trees. Source: Dr. Gilman.
Next Steps

1) Consult Chapter to review information on tree stabilization.
2) Proceed to Field Shegét



Field Sheet 8 - Trunk Protection, Mu|ching and

|rriga|:ion

Materials

A Trunk wraps (if needed)
A Trunk guards
A Shovels

Trunl( Guards

Guards are recommended if equipment will &
used around trees or if rodent or rabbit
damage is likelymage from USDA, 2008.

App|ying Organic Mulch

The use of organic mulch is strongly
recommended because of the
benefits it provides trees. All mulche:
should be free of invasive and noxiol
weed seeds, soil, salied other

harmful chemicals and applied at the
proper depth. Pull the

Image from USDA, 2008.

A Mulch
A Water source (hose and buckets)

Installation Instructions

1) Install guards at the base of trees using
loose fitting products or productsahwill
not constrict caliper growth.

2) Guards should be snug against the soil lin

3) After installation, guards should stand 15
cmor taller.

4) Guards should be removed or replaced to
accommodate the growth of the trunk of
the tree.

Installation Instructions

1) Apply mulch evenly in a broad ring at leas
100 cm in diameter. The larger the mulchg
area, the better.

2) Pull the mulch about 15 cm away from the
base of the trunk.

3) The depth of mulch should be 5 to 10 cm
after settling.
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|rrigal:ion

Supplemental watering is recommended
for all new plantings for at least the first
two growing seasons. It is important to
consider if existing irrigation (e.g. lawn
irrigation) will affecthe watering or
irrigation planning for newlglanted

trees.

Consider the following factors when
creating an irrigation schedule, as trees
will experience greater water streigsthe
following scenarios:

T Limited soil volume and/or imperviou
surfaces cowing the root system

1 Poor waterholding capacity of soil

Located in inner city plantings

1 Drought or low rainfall periods

]
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In the first few years after planting many of the
tree roots are still inside of the nursery

production soil volume. Frequency of irrigation
will depend on soil drainage and precipitation.

The size of the tree can be used to roughly
estimate how much water to apply during

irrigation events. For example:

1 25 mm caliperapply 4 to 6 L
1 50 mm caliperapply 8 to 12 L
1 75 mm caliperapply 12 to 18 L

Apply water to the roots around the trunktiin

the dripline of the tree.

.

o §4%
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Appendix A - Post-Planting and Establishment
Care

The informatiorin this guide does not extertd postplanting andestablishmentare howeveraftercare
is oftenanintegralpart of thetender language associatedtiwplanting contracts=rom the beginning of
a new projectt is critical to think about how treeslinhbe maintained during the establishment phase
what is required during the warranty period time (e.g. one year or two yaarsytlined in the contract.

In the table below, the followingaintenanceactivities may be included in tenders and plamtin
contracts. Examples of potential language in tenders are provided, as well as tasks that might be
specified.

Table9 Exampls of potential language in contracts regarding maintenance and associated tasks

Activity Maintenance asks

Replace/adjust  Replace trees that are dead or do not meet the minimum standards as set out
unacceptable contract language

trees 1 Reset any trees that have settled or are leaning as soon as the condition is not

Soil vater Provide all water required to keep soil within and around the root zone at moisture

management content specified in the contract language or in the detail or as necessary for healt
growth.

9 Ensure automatic irrigation systems are working and provide adequate water fi
trees

1 Refill watering bags

1 Visit sites and manually water trees where watering bags or automatic irrigatiol
systems are not installed or not being used

Weed Keep all plantings free of weeds or other unintended plants that do not appear on 1
management planting plan.

9 Cultivate large planting areas to control weed growth
1 Remove weeds around the base of trees by hand
1 Apply herbicides to keep planting areas free from wdedly when specified)

Muich Replenisimulchonce a yeafor as specified) to maintain complete coverage in
management accordance with the planting detail

1 Apply new mulch according to the requirements in the specification
1 Keep mulched areas free from weeds

Pruning Prune trees to address defects and maintain desired structural form.

1 Remove rubbing dnterfering branches
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9 Shorten, subordinate or remoee-dominant leadersremove broken, damaged,
dead, diseased branches
Manage 1 Maintain guys in a tdawondition
supplementary  § Maintain stakes in upright, supportive positio
tree support 1 Replace broken, missing or inadequate stakes or anchors
systems f Tighten and repair guys
1 Remove tree stabilization at the end of the contract or warranty period, or whei

tree no longer needs supporefnoval of stabilization shalibccur between 1and
24 month3

Manage trunk  Keep trunk proteain, including wrap and guards, in proper repair.

protection q
features
1
1

Repair or replace damaged tree wrap

Repair and replace trunk guards

Remove trunk protection features at the end of the warranty period or when
determined to be unnecessary

Manage harmful Manage disease, insects and other pests and abiotic injury as per contract languai
diseases, insect manageable levels defined as damage to plants that is noticeable by a profession:

pests and abiotic
injury

1 Apply insecticides, miticides, fungicides or ofhentinent control methods or

treatments (removal of affected part, hand picking of insects) etc

Soil nutrient Ensure there are adequate nutrients for the growth of newly planted trees.

levels
1

Collect soil samples and have tested by an accreditedalainy

91 Apply fertilizers at rates recommended by soil tests

Site nspectiors are normally done as a separate function of contract compligmersure maintenance
requirements are being met. A work ordgmerallyprovidesinstructions to the planting ecaractor or
third party contractor. The third party contractor is giggecific instructions which are often geated
by a municipal inspectain the table belowgommonly specified inspection activities and criteria are

outlined.

Tablel0 Example of potential language in contracts regardiagectiorand associated tasks

Inspection ativity

Inspection dteria

Condition of plant

1 General health
Crownstructural stability
Root establishmer(determine if it is time to remove stabilization)

Crown quality

Mechanical damage to branches and trunk
Broken, dead, damaged or diseased branches
Tip dieback in crown

= =4 4 =4 4
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Functioning of trunk stabilizatio
as intended

(stakeand tie, guying or root ba
anchoring)

Stakes are still serviceable/firmly in the ground and not rubbing
against branches or trunk

Ties still attached and supporting trunk

Ties are flexible to permit trunk movement

Ties not strangling or girdling the trunk

Guy wires are still taut

Mulching as per contract
language or planting detail
description

= =4 =4 -4 -4 -

Correct depth
Mulch is pulled back from the trunk

Soil berm

Berm is still functional
Removal by raking level as per contract language where appropr

Trunk protection features

Not girdling or restricting normal trunk development
Guards and wraps are still providing protection against damage

Pest scouting

Pests are identified
Required management is scheduled

Watering and fertilizing
requirements

=A =4 =4 =4 4 -4 4

Trees are assessed for wastress and nutrient deficiencies




Appendix B - p|anting Details

PRUNE ONLY TO REMOVE BROKEN CROSSING/
RUBBING BRANCHES AND COMPETING LEADERS.
AVOD REMOVNG TERMNAL BUDS OF BRANCHES THAT
EXTEND TO THE EDGE OF THE CRON.

PLACE 5 CM WOOD STAKES OR T-BARS OQUTSIDE THE
EDGE OF ROOT BALL AND DRIVE DOWN NT!
UNDISTURBED SOL. ORENT STAKES PERPENDICULAR TO
PREVAILING IWND.

PLACE COARSE ORGANC MULCH EVENLY AROUND THE
TREE TO A SETTLED DEPTH OF 5 - 10 CIM, PULL MULCH 5
CM AWAY FROM THE BASE OF THE TRUNK.

FINSHED GRADE

IMPORTANT NOTES

AS SOME ASPECTS OF THE DETAL MAY NOT APPLY TO THE REQUREMENTS OF A PARTICULAR PLANTING SITE. THS PLANTING DETAL SHOULD BE
USED IN CONJUNCTION WITH THE CHAPTERS AND FIELD-SHEETS FROM THE ONTARIO LANDSCAPE TREE PLANTING GUIDE TO DETERMINE BEST
PRACTICES. NFORMATION AND ASSOCIATED DETALS MAY BE SUPERSEDED BY TENDER SPECFICATIONS. THE CONTRACTOR IS5 RESPONSIBLE FOR
OBTANNG UTLITY LOCATES PRIOR TO COMMENCNG WORK.

POSITION TES AROUND TRUNK TO ALLOW FOR
ADEQUATE MOVEMENT, MATERIALS SHOULD BE
BROAD, SMOOTH, PLIABLE AND PREFERABLY
BODEGRADABLE.

\A TIES SHOULD BE POSITIONED AS LOW AS IS
EFFECTIVE FOR STABILIZING THE ROOT BALL. ON

N LIMBED-UP DECIDUOUS TREES, IT IS RECOMMENDED
TO POSITION TIES WELL BELOW FIRST SET OF
1 BRANCHES.

BULD A ROUND-TOPPED BERM - 10 CM HGH
AND 15-20 CIM WDE - AROUND ROOT BALL
PERPHERT,

BACKFILL BOTTOM /2 WITH PREVICUSLY EXCAVATED
SOIL. REMOVE TOP HORIZONTAL WIRE AND ATTACHED
LOOPS OF BASKET AND ALL TWINE/BURLAP (NO MORE
THAN I3 OF UPPER PART OF BASKET ). CONTINUE
BACKFILLING/WATERING AS PER FIELD SHEET 6.

/BEFORE DIGGNG PLANTING HOLE, LOCATE ROOT FLARE,
DiG A HOLD TO ACCOMMODATE ROOT BALL DEPTH
FROM FLARE TO BASE OF ROOT BALL. POSTION

ROOT FLARE AT GRADE, OR NO MORE THAN 5 CM
ABOVE GRADE,

PLACE ROOT BALL ON UNDISTURBED SOIL.

: SAUCER-SHAPED PLANTING WHOLE 2 TO 23X WIDTH OF THE ROOT BALL,‘

Q TREE PLANTING DETAIL: DECDUOUS BALLED ¢ BURLAPPED/WRE BASKET
TYPICAL INSTALLATION = WELL-DRAINED SOIL - NOT TO SCALE

Versin | 2014
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IMPORTANT NOTES
AS SOME. ASPECTS OF THE DETAL MAY NOT APPLY TO THE REQUREMENTS OF A PARTICULAR PLANTNG SITE. THIS PLANTNG DETAL SHOULD BE
USED IN CONJUNCTION AITH THE CHAPTERS AND FIELD-SHEETS FROM THE ONTARIO |LANDSCARE TREE PLANTING GUIDE TO DETERMINE BEST
PRACTICES. NFOCRMATION AND ASSCCATED DETALS MAY BE SUPERSEDED BY TENDER SPECFICATIONS, THE CONTRACTOR 15 RESPCONSBLE FOR
OBTANNG UTLITY LOCATES PROR TO COMMENCNG WORK.

PRUNE ONLY TO REMOVE BROKEN, CROSSING/
RUBBING BRANCHES AND COMPETING | EADERS,
AVOID REMOVING TERMINAL BUDS OF BRANCHES
THAT EXTZND TO THE ZDGE OF THE CROAN,

POSITION TES AROUND TRUNK TO ALLOW FOR
ADEQUATE MOVEIMENT, MATERIALS SHOULD BE
BROAD, SMOOTH, UABLE AND PREFERABLY
BIODEGRADABLE.

TIES SHOULD BE POSITIONED AS LOA AS 15
EFFECIVE FOR STABILIZING THE ROOT BALL.

ON LMBED LP TREZS IT 15 RECOMMENDZD TO
POSITON TIES WELL BLOA THE FRST OF BRANCHES,

BEFORE DIGGNG PLANTING HOLE, LOCATE ROOT

PLACE 5 CM WOOD S™AKES CR T-BARS OQUTSIDE EDGE
OF ROOT BALL AND DRIVE DOAN INTO UNDISTURBED
S0IL. ORIENT $1AKES PERPENDICULAR 10

PREVAILING WIND.

O D A I FLARE, DIG A HOLE TO ACCOMYODATE ROOT BALL

: oFTRNG Z DEPTH FROM ROOT FLARE TO BASE OF ROOT BALL.

e : POSITION ROOT FLARE 75-10 CH1 ABOVE GRADE.

) - |
CEE IV RASED RoOT BALL 10 128 PNISED cRane | l BULD A ROUND-TOPPED BERM - (G CM HGH AND
USING EXIS NG SITE SOIL. ; . RD—— — LMV WDE - AROLN\D ROOT 3ALL PERPHERY.
0000 L j LLALL L1
FNGHED GRADE

BACKFILL BOTTOM I/2 WITH PREVIOUSLY EXCAVATED
SOIL. REMOVE TOP HORIZONTAL WIRE AND AT TACHED
LOOPS OF BASKET AND ALL. TWNE/BLRLAP (NG MORE
THAN I/3 OF UPPER PART OF BASKET ). CONTINUE
BACKFILLING/WATERING AS PER FIELD SHEET 6.

PLACE ROOT BALL ON UNDISTURBZD SOIL.

" SAUCER-SHAPED PLANTING HOLE 3X AIDTH OF THE R00T BALL

QTREE PLANTING DETAIL: DECIDUOUS BALLED & BURLAPPED/WRE BASKET
TYPICAL INSTALLATION - POORLY-DRAINED SOIL - NOT TC SCALE

Version h 209




IMPORTANT NOTES

AS SOME ASPECTS OF THE DETAL MAY NO™ AFPLY TO THE REQUREMENTS OF A PARTCULAR PLANTING SITE. THS PLANTING DETAL SHOULD BE
USED IN CONJUNCTION WITH THE CHAPTERS AND FIELD-SHEETS FROM THE ONTARIO LANDSCAPE TREE PLANTING GUIDE TG DETERMINE BEST
PRACTICES. NFORMATION AND ASSOCIATED DETALS MAY BE SUPERSEDED BY TENDRER SPECFICATIONS. THE CONTRACTOR 1S RESPONSBLE FOR
OBTANNG UTILTY LOCATES PRIOR TO COMMENCING WORK,

PLACE ATTACHMENTS AT BRANCH NTERSECTIONS TG
PREVENT TES FROM SLIDNG. SECURED GUY WRES SHOULD
ALLON FOR CROWN MOVEMENT, WHLE EFFEC IVELY STABLIZNG
ROCT BALL GUYING TRUNK ATTACHMENT MATERIAL SHOULD
BE BRGAD, SMOOTH, PLIABLE AND PREFERRABLY
BIODEGRADABLE.

NCTE: GLYING 1S ALSO RECOMMENDEZS FOR DECIDUCUS
TREES WITH A CALIPER > 100 M. ON LIMBED-UP
DECIDUOUS TREES, PLACE ATTACHMENTS ABOVE FIRS™
SET OF BRANCHES,

PLACE COARSE ORGANIC MULCH EVENLY ARCUND TREE TG A
SETTLED DEPTH OF 5 - 10 CM, PULL MULCH 15 CM AWAY FROI
BASE OF TRUNK

FLAG GUY WIRES FOR VISIBLITY.
BUILD A ROND-TOPPED BEIM - 16 CM HIGH

AND 520 CM WIDE - ARCUND RCOT BAL_
PERIPHERY. Al

GUYNG CONFEROJS TREES
3-PONT ANCHOR PGSITIONNG

POSITION ROOT FLARE AT GRADE OR NO MORE THAN
5 CM ABOVE GRADE.

R BACKFILL BOTTOM /2 WTH FREVIOUSLY EXCAVATED

Ly SOIL. REMOVE TOP HOR ZONTAL AIRE AND ATTACHED

N LOOPS OF BASKET AND ALL TWINE/SURLAP (NO MORE
THAN /3 OF UPPER PART OF BASKET).

FINISHED GRADE

D=IVE ANCHORS INTC UNDIS TURBED SOIL OUTSIDE
PLANTING HOLE, FLUSH OR BELOW SOIL SURFACE.

TS e CONTINUE BACKF L_ING/WATERING
AS PER FIELD SHEET 6.

LACE ROOT 3AIL ON UNDISTURBED SOl

7 SAUCRR-GHAPED PLANTING HOLE 2 TO 3X WIDT- OF THE ROOT BALL.

O TREE PLANTING DETAIL: CONIFEROUS BALLED AND BURLAPPED/AIRE BASKET (TALLER THAN 300 CM)
TYPICAL INSTALLATION - WELL-DRAINED SOL. - \OT TO SCALE

“ersion & 2019
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IMPORTANT NOTES
AS SOME ASPECTS OF THE DETAL MAY NOT APPLY TO THE REQUREMENTS OF A PARTICULAR PLANTNG SITE. THS PLANTING DETAL SHOULD BE
USED IN CONJUNCTION WITH THE CHAPTERS AND FIELD-SHEETS FROM THE ONTARIO LANDSCAPE TREE PLANTING GUIDE TO DETERMINE BEST
PRACTICES. NFORMATION AND ASSOCATED DETALS MAY BE SUPERSEDED BY TENDER SPECFICATIONS, THE CONTRACTOR 15 RESPONSIBLE FOR
OBTANNG UTLITY LOCATES PRIOR TO COMMENCNG WORK,

PLACE ATTACHMENTS AT BRANCH NTERSECTONS TO
PREVENT TES FROM SLIDNG. SECURED GUY WRES SHOULD
ALLOW FOR CROWN MOVEMENT, WHLE EFFECTIVELY STABLIZNG
ROOT BALL, GUYING TRUNK ATTACHMENT MATERIAL SHOULD
BE BROAD, SMOOTH, PLUABLE AND FREFERRABLY
BIODEGRADABLE.

GUYING CONFEROUS TREES
3-PONT ANCHOR POSITIONNG

NOTE: GUYING 1S ALSO RECOMMENDED FOR DECIDUOUS
TREES WITH A CALIPER » 160 MM. ON LIMBED UP
DECIDUOUS TREES; PLACE ATTACHMENTS ABOVE FIRST

SET OF BRANCHES. POSITION ROOT FLARE 75-10 CM ABOVE GRADE.

PLACE COARSE ORGANIC MULCH EVENLY AROUND TREE TO A
SETTLED DEPTH OF & - 10 CM, PULL MULCH 15 CM AWAY FROM
BASE OF TRUNK,

FLAG GUY WIRES FOR VISIBILITT.

BULD A ROUND-TOPPED BERM - 0 CHM HIGH ,
AND 520 CI WIDE - AROUND ROOT BALL M‘\—p

PERIPHERT. i

ORIGINAL GRADE )} / /

CREATE A GENTLY-SLOPED TRANSITION FROM THE TOP
OF THE RAISED ROOT BALL TO THE FINISHED GRADE
USING EXISTNG SITE SOIL.

BACKFILL BOTTOM V2 WITH PREVIOUSLY EXCAVATED
SOIL. REMOVE TOP HORIZONTAL WIRE AND ATTACHED
DRIVE ANCHORS INTO LNDISTURBED SOIL OUTSIDE v LOOPS OF BASKET AND ALL TIWINE/BURLAP (NO MORE
PLANTING HOLE, FLUSH OR BELOW SOIL SURFACE. THAN I/3 OF UPPER PART OF BASKET ). CONTINUE
/ BACKFILLING/WATERING AS PER FIELD SHEET 6.

PLACE ROOT BALL ON UNDISTURBED SO,

SAUCER-SHAPED PLANTING HOLE 3X WIDTH OF THE ROOT BALL

O TREE PLANTING DETAIL: CONIFEROUS BALLED AND BURLAPPED/WIRE BASKET (TALLER THAN 300 CI1)
TYPICAL INSTALLATION - POORLY-DRAINED SOIL - NOT TO SCALE

Version | 2014




IMPORTANT NOTES
AS SOME ASPECTS OF THE DETAL MAT NOT APPLY TO THE REGUREMENTS OF A PARTICULAR PLANTING SITE. THS PLANTING DETAL SHOULD BE
USED IN CONJUNCTION WITH THE CHAPTERS AND FIELD-SHEETS FROM THE ONTARIQ LANDSCAPE TREE PLANTING GUIDE TO DETERMINE BEST
PRACTICES. NFORIMATION AND ASSOCIATED DETALS MAY BE SUPERSEDED BY TENDER SPECFICATIONS. THE CONTRACTOR 15 RESPONSBLE FOR
OBTAINING UTILITT LOCATES PRIOR TO COMMENCING WORK.

7

PRUNE ONLT TO REMOVE BROKEN, CROSSNG/RUBBNG

BRANCHES AND COMPETING LEADERS, AVOD REMOVNG

TERMNAL BUDS OF BRANCHES THAT EXTEND TC EDGE
\\ OF CROWN,

PLACE 5 CM WOOD STAKES OR T-BARS OUTSIDE EDGE
J/ OF ROOT STSTEM AND DRIVE DOWN INTO
M M UNDISTURBED SOIL, ORIENT STAKES
PERPENDICULAR TO PREVAILING WIND.

POSITION TIES AROUND TRUNK TO ALLOW FOR
ADEQUATE MOVEMENT. MATERIAL SHOULD BE
BROAD, SIMOOTH, PLIABLE AND PREFERABLY
BIODEGRADABLE.

TIES SHOULD BE POSITIONED AS LOW AS EFFECTIVE
FOR STABILIZING ROOT SYSTEM, ON LIMBED-UP
TREES [T 1S RECOMMENDED TO POSITION TES WELL
BELOW THE FRST SET OF BRANCHES.

PLACE COARSE ORGANIC MULCH EVENLY ARCUND TREE———
TO A SETTLED DEPTH OF 5 - 10 €M PULL MULCH 15 CM
AWAY FROM BASE OF TRUNK.

BULD A ROUND-TOPPED BERM - 10 CM HGH AND
[2-20 CM WDE - ARQUND ROOT BALL PERPHERT.

FINSHED GRADE

RINE BROKEN AND MEDRECTED ROOTS, POSITON ROOT FLARE AT GRADE OR NO TORE T

ENSURE TRUNK 1S VERTICAL. SPREAD ROOTS QUT
RADIALLY. BACKFILL BOTTOM I/3 WITH PREVIOUSLY
EXCAVATED SOIL. LIGHTLY TAMP TO ELIMINATE AIR \
POCKETS. WATER ROOT ZONE. INSTALL STAKES.
BACKFILLAWATER AS PER FIELD SHEET 6.

PLACE RCOT SYSTEM ON LNDISTURBED SOL.

p .
7 SAUCER-SHAPED PLANTING HOLE 2 TO 3X WIDTH OF ROOT STSTEM

O TREE PLANTING DETAIL: DECIDUOUS BARE ROOT
TYPICAL INSTALLATION = WELL-DRAINED S0IL- NOT TO SCALE

Wersion & 2014
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IMPORTANT NOTES
AS SOME ASPECTS OF THE DETAL MAY NOT APPLY TO THE REQUREMENTS OF A PARTICULAR PLANTING SITE, THS PLANTING DETAIL SHOULD BE
USED IN CONJUNCTION WITH THE CHAPTERS AND FIELD-SHEETS FROM THE ONTARIO LANDSCAPE TREE PLANTING GUIDE TO DETERMINE BEST
PRACTICES. NFORMATION AND ASSOCIATED DETALS MAY BE SUPERSEDED BT TENDER SPECFICATIONS, THE CONTRACTOR 15 RESPONSBLE FOR
OBTANNG UTLITY LOCATES PRIOR TO COMMENCNG WORK.

POSITION TIES AROUND TRUNK TO ALLOW FOR
ADEQUATE MOVEMENT, MATERIAL SHOULD BE
BROAD, SMOOTH, PLIABLE AND PREFERABLY

PRUNE ONLY TO REMOVE BROKEN, CROSSING/
BIODEGRADABLE.

RUBBING BRANCHES AND COMPETING LEADERS,

AVOID REMOVING TERMINAL BUDS OF BRANCHES
TIES SHOUD BE POSITIONED AS LOW AS EFFECTIVE THAT EXTEND TO EDGE OF CROWN.
FOR STABILIZING ROOT STSTEM, ON LIMBED-U
TREES T 5 RECOMTENDED, 70 POSTON TED HELL
BELOW THE FRST SET OF BRANCHES.

/%%

N PLACE 5 CM WOOD STAKES OR T BARE: OUTSIDE EDGE

PLACE COARSE MULCH EVENLY AROUND TREE OF ROOT SYSTEM AND DRIVE DO
TO A SETTLED DEPTH OF 5-10 CM, PULL MULCH H UNDISTURBED SOIL, ORIENT STAKES
B CM AWAT FROM BASE OF TRUNK. PERPENDICLLAR TO PREVAILNG IWIND.
CREATE A GENTLT-SLOPED TRANSITION FROM
TlrLE TOP OF THE RA[LSED ROOT SYSTEM TO THE LD A DT ORRE S BER 0 e D
FINISHED GRADE USING EXISTNG SITE SOIL. - - -

¢ : B-20 CIM WIDE -~ AROUND ROOT BALL PERIPHERT,
FINEHED GRADE
L = \ - / DIG HOLE TO ACCOMMODATE ROQT STSTEM DEPTH
ENSURE TRIMIS 15 VERTICAL, SPREAD ROOTS OUT — FROM ROOT FLARE TO BASE OF ROOT STYSTEM. POSITION
RADIALLY, BACKFILL BOTTOM I/3 WTH PREVIOUSLY AN ROOT FLARE 750 C1M ABOVE GRADE
EXCAVATED SOL. LIGHTLY TAMP TO ELIMNATE AR ) ‘
POCKETS. WATER ROOT ZONE. NSTALL STAKES.

CONTINUE BACKFILLING/WATERNG AS PER FELD SHEET 6.

PLACE ROOT STSTEM ON LNDISTURBED SOIL.

SAUCER-SHAPED PLANTNG HOLE 3X WDTH OF THE ROOT BALL

O TREE PLANTING DETAIL: DECIDUOUS BARE ROOT
TYPICAL INSTALLATION - POORLY-DRAINED SOIL- NOT TO SCALE

Version |: 201
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IMPORTANT NOTES

AS SOME ASPECTS OF THE DETAL MAY NOT APPLY TO THE REQUREMENTS OF A PARTICULAR PLANTING SITE. THS PLANTING DETAL SHOULD BE
USED IN CONJUNCTION WITH THE CHAPTERS AND FIELD-SHEETS FROM THE ONTARIO LANDSCAPE TREE PLANTING GUIDE TO DETERMINE BEST
PRACTICES. NFORMATION AND ASSOCATED DETALS MAY BE SUPERSEDED BY TENDER SPECFICATIONS. THE CONTRACTOR 15 RESPONSIBLE FOR
OBTANNG UTLITY LOCATES PRIOR TO COMMENCNG WORK.

POSITION TIES AROUND TRUNK TO ALLOW
ADEQUATE MOVEMENT. MATERIAL SHOULD BE
BROAD, SMOOTH, PLIABLE AND PREFERABLY
BIODEGRADABLE.

TIES SHOULD BE POSITIONED AS LOW AS IS
EFFECTIVE FOR STABILZING ROOT MASS. ON LIMBED-
UP DECIDUOUS TREES, IT IS RECOMMENDED TO
POSITION TIES WELL BELOW FIRST SET OF BRANCHES.

PLACE COARSE ORGANC MULCH EVENLY AROUND ———
TREE TO A SETTLED DEPTH OF 5 - |10 CM, PULL MULCH 5

CM AWAY FROM BASE OF TRUNK.

FNSHED GRADE

¥

2

)

-

CUT ROOT ENDS AFTER SHAVNG:

REMOVE MEDRECTED STRUCTURAL ROOTS AND POTENTIAL STEM-GRDLNG
ROOTS. SHAVE UP TO SCM OFF THE CUTER EDGE OF CONTANER BOUND' ROOT BALLS.

PRUNE ONLY TO REMOVE BROKEN CROSSING/

N

RUBBING BRANCHES AND COMPETING LEADERS.
AVOID REMOVING TERMINAL BUDS OF BRANCHES
THAT EXTEND TO EDGE OF CROWN.

PLACE 5 CM WOOD STAKES OR T-BARS OUTSIDE EDGE
OF ROOT MASS AND DRIVE DOWN INTO

UNDISTURBED SOIL. ORIENT STAKES

PERPENDICULAR TO PREVAILING IWIND.

/ BUILD A ROUND-TOPPED BERM - 10 CM HIGH AND

REMOVE CONTANER. SHAVE ROOT BALL F NECESSARY
(SEE NSET ABOVE). BACKFLL /2 WTH PREVIUSLY
EXCAVATED SOL. CONTNUE BACKFLLNG/WATERNG

AS PER FELD SHEET 6.

B-20 (M WIDE - AROUND ROOT BALL PERIPHERY.

DiG HOLE TO ACCOMMODATE ROOT BALL DEPTH
FROM ROOT FLARE TO BASE OF ROCT BALL.
POSITION ROOT FLARE AT GRADE OR NO MORE
THAN 5 CM ABOVE GRADE.

PLACE ROOT BALL ON UNDISTURBED SOL.

SAUCE}IVEfSHAPED PLANTING HOLE 2 TO 3X WDTH OF THE ROOT BALL

O TREE PLANTING DETAIL: DECIDUOUS CONTANER-GROWN
TTYPICAL INSTALLATION - INELL-DRAINED SOIL- NOT TO SCALE
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